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INTRODUCTION
BURNS 
A shift in burn care practice has been observed. Advances in acute burn care such as 
resuscitation, infection control, and wound closure, have significantly increased the survivability 
of burn injuries during the latter half of the 20th century.1, 2 As a result, more patients have 
to deal with lifelong disabilities and disfigurements, which are frequently a consequence of 
severe and extensive burns.3, 4 Historically, indicators of outcome were survival and length of 
hospital stay, but these have now been expanded with the addition of scar quality and quality 
of life measures.5 The present goal in highly developed countries is to improve these quality 
indicators by focusing progressively on the long-term physical and psychological sequelae of 
burns.6, 7
SEVERITY OF BURN WOUNDS
Improvement of the long-term sequelae of burns starts immediately after the burn injury is 
incurred. Besides acute and systemic management of the injured patient, another important 
aspect is burn wound assessment. Valid and reliable assessment of burn wounds is fundamental 
to decision-making and evaluation of the effectiveness of different treatments. The severity of a 
burn wound, along with patient characteristics and percentage of the body surface area (TBSA) 
burned, provides information on the survival rate, the necessity and timing of skin grafting, 
and the quality of wound healing.1, 8, 9 Underestimation of severity may lead to a prolonged 
healing time, which is associated with an increased risk of pathological scar formation.10, 11 
On the other hand, overestimation may lead to unnecessary surgery. It is therefore important 
to perform valid and reliable burn wound assessment, which can be effectuated and further 
optimized by research in this field. One of the challenges here is to achieve standardization in 
the classification of burn wounds and to accomplish the usage of uniform terminology. 
SEQUELAE OF BURNS
As more patients are able to survive severe and/or extensive burns, an increased number of 
patients have to face the consequences of this type of injury; this being problematic scars 
that often remain permanently. Scars commonly cause body contour deformities, restricted 
movement, stigma, and psychosocial problems.12, 13 As a result, two of the greatest unmet 
challenges after burns are decreased quality of life and delayed reintegration into society.14 
Figure 1 presents several types of problematic scars that can be identified: hypertrophic 
scars, keloids, contractures, and adherent scars. These all require specialized treatment. 
For hypertrophic scars and keloids, several preventive and therapeutic treatment modalities 
are available, such as pressure garments, laser, corticosteroids, or excision followed by 
radiotherapy.15, 16 However, the need for development and novel treatment is paramount to 
further reduce the burden of these scars and to ultimately attain scar-less healing. Moreover, 
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the treatment possibilities for contractures and adherent scars are rather scarce.17 Critical to 
the development of novel treatment modalities are clinimetrically approved scar assessment 
tools that evaluate whether scar treatment is effective and successful. Over the years, the 
number of available tools and the quality of the studies that assessed the clinimetric properties 
of these tools has increased, but room for improvement remains. Furthermore, not every scar 
feature can be assessed, and the use of the tools and corresponding terminology is not yet 
standardized.  
Figure 1. Several types of pathological scars. (a) Hypertrophic scar on the right upper arm, (b) keloids on 
the right scapula and shoulder, (c) contracture of the right axilla, and (d) widespread adherent scarring on 
a patient’s back and spine.  
AIMS AND OUTLINE OF THE THESIS
The studies described in this thesis aim at improving the outcome of burn patients by 
appraising several current concepts and providing new insights into three domains: burn wound 
assessment (Part I), scar assessment (Part II), and reconstructive surgery techniques (Part III). 
The intent is to encourage researchers and clinicians to pursue standardization in burn care. 
In the first part of this thesis, the current literature on burn wound classification systems and 
measurement tools for burn wound assessment is reviewed, and subsequently two clinimetric 
studies on the reliability and validity of thermography are presented. Thereafter, the focus 
shifts to the assessment of hypertrophic scars and keloids to be able to monitor the response 
to interventions. In the third part of this thesis, new reconstructive surgery techniques are 
evaluated for patients with contractures and adherent scars by using several scar assessment 
tools, with the aim of improving their quality of life. The reasoning and objectives of the different 
studies performed within the three domains are hereby described.
a) b) c) d)
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PART I.    BURN WOUND ASSESSMENT
What is determined when a burn wound is assessed? The answer to this question seems 
straightforward, as most burn physicians will refer to the construct burn wound ‘depth’. 
However, the reviews presented in chapter 2 and 3 will show that the concept of burn wound 
assessment is more complicated than initially thought. Currently, the most frequently used 
method to assess burn wound depth is clinical evaluation, as it is readily available and 
applicable in every country. Clinical evaluation is based on visual and tactile inspection of 
wound characteristics such as appearance, capillary refill and sensibility.18-20
Chapter 2. Burn wound classification: the past, present and the future
This review starts with a historic overview of burn wound classification systems based on 
clinical evaluation. Remarkably, three classification systems are used concurrently in clinical 
practice and consequently described in the literature. But is it possible to adequately compare 
clinical studies evaluating different treatment strategies when there is no uniform classification 
system? And to develop uniform guidelines or to compare relevant outcomes associated with 
the initial severity of a burn wound when there is no standardization? 
> These questions guided us to study and appraise the currently used classification systems, 
and to propose a concise yet comprehensive scheme, aiming at standardization in burn wound 
classification.
When focusing on clinical evaluation of burn wounds, one major problem remains. Several 
studies have shown that the validity of this method is moderate,19-22 probably because it is 
difficult to visually assess the extent of tissue damage beneath the wound surface.23 Moreover, 
due to the variation between (the experience of) different clinicians, inconsistency in ratings 
is observed, which results in moderate reliability. Therefore, it seems best to assess burn 
wounds by a combination of clinical evaluation and a measurement tool. Laser Doppler 
imaging (LDI) is a technique that was introduced some 20 years ago and from then on has been 
widely implemented in burn practice.24, 25 LDI is based on the measurement of skin perfusion 
on the premise that a burn wound’s healing potential is strongly correlated to the level of 
microvascular blood flow in the remaining dermis.26 Over the years, also other tools have been 
developed to aid in the assessment of burn wounds. However, there is a scarcity of literature 
on the quality of the studies that examined these measurement tools and on the quality of the 
tools’ measurement properties. Therefore, a systematic review on these aspects is carried out 
in chapter 3.  
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Chapter 3. A systematic review on the quality of measurement techniques for the assessment 
of burn wound depth or healing potential
This review starts with a brief explanation on the importance of defining a clear construct in 
burn wound assessment and on the possible outcome measures that can be designated. 
> The aim of this review is to critically appraise, compare and summarize the quality of the 
measurement properties of tools that aim to assess burn wound depth or healing potential, 
and to ultimately provide a recommendation on the most suitable tool.   
MEASUREMENT IN MEDICINE
As will also be emphasized in chapter 3, the discipline of ‘clinimetrics’ aims to improve the 
quality of measurements by assessment of the properties of existing tools or by development 
of new tools. Before implementation of a new measurement tool in either clinical practice or 
in research can be considered, two essential properties need to be evaluated: reliability and 
validity. All measurement tools are required to produce reliable and valid scores. Accordingly, 
assessment of these measurement properties forms a cornerstone of several chapters of this 
thesis in which we evaluated (new) measurement tools. 
The general definition of reliability is ‘the degree to which the measurement is free from 
measurement error’.27, 28 In addition, there is an extended definition of reliability: ‘the extent 
to which scores for patients who have not changed are the same for repeated measurements 
under several conditions’, which makes clear that repeated measurements are a key point. The 
variation that may arise between repeated measurements decreases the reliability. This can 
be attributed either to the measurement tool, the persons performing the measurement, the 
patients undergoing the measurement, or the circumstances under which the measurements 
are performed. The measurement error comprises both the systematic and random error of a 
patient’s score that cannot be attributed to true changes in burn wound severity. 
Validity is defined as ‘the degree to which an instrument truly measures what it purports 
to measure’.27 Validity can be divided into three types: content validity, construct validity 
and criterion validity.28 Content validity focuses on the correspondence of the content of the 
measurement tool with the construct that is intended to measure. Content validity is assessed 
qualitatively during development by pretesting, expert opinion, and literature review. Construct 
validity is applicable in situations in which there is no gold standard, and therefore this type 
of validity refers to whether the measurement tools provides the expected scores, based on 
knowledge about the construct. Criterion validity focuses on the correspondence of the (new) 
measurement tool with the gold standard (i.e. criterion). In theory, the gold standard is a 
perfectly valid assessment, but this rarely exists in practice. Also in burn care, it is challenging 
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to identify a suitable criterion. In light of several chapters of this thesis, it is important to 
take this into account and to be aware of the reliability and validity of the gold standard or 
comparator instrument itself. Now it is clear about the clinimetric properties that need to 
be evaluated, the following two chapters focus on new measurement tools for burn wound 
assessment. 
Chapter 4. New insights into the use of thermography to assess burn wound healing 
potential: a reliable and valid technique when compared to laser Doppler imaging
Currently, affordable and accessible (i.e. ‘low-end’) technology is becoming more important 
in healthcare as it is considered cost-effective, versatile and therefore widely applicable. As 
clinical evaluation of burn wounds is only valid in 50 to 70% of the cases and LDI – although 
showing good validity – is costly and cumbersome, another technique is explored, which may 
overcome these problems. Thermography or thermal imaging involves the measurement of 
burn wound temperature as an indicator of tissue perfusion, thereby possibly reflecting the 
burn wound’s prognosis (i.e. healing potential). In recent years, thermography cameras have 
evolved and the technique has regained attention with promising results, but until now no 
clinimetric evaluation has been performed. 
> The objective of this study is to evaluate the reliability and validity of thermography for 
measuring burn wound healing potential.
Chapter 5. The FLIR ONE thermal imager for the assessment of burn wounds: reliability and 
validity study
The promising results of the first thermography study encouraged additional research into this 
technique. Also, a new thermal imager was introduced to the market: the FLIR ONE. Because 
of its small size, low price and ease of use, this imaging tool is another example of low-end 
technology. Accordingly, the FLIR ONE thermal imager could become a valuable tool to assist 
clinicians in burn wound assessment.
> The objective of this study is to evaluate the reliability and validity of the FLIR ONE thermal 
imager for the assessment of burn wounds. 
PART II.    ASPECTS OF SCAR ASSESSMENT 
Hypertrophic scars are the most commonly formed type of scar after burns. The prevalence 
varies widely with observations ranging from 32 to 72%.29 The underlying mechanism of 
hypertrophic scar development consists of a wide array of modulated and derailed processes 
during the three phases of wound healing: inflammation, proliferation and remodeling15, 30, 
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leading to overabundant production of extracellular matrix. This results in a clinically thick, 
non-pliable, red, and sometimes itchy and painful scar that generally remains within the 
margins of the injury.31, 32
Keloids are also raised above surrounding skin level, but several pathological and biochemical 
differences compared to hypertrophic scars exist.33-35 Most of the available literature defines 
a keloid as a scar that proliferates or originates beyond the margins of the original lesion, 
however opinions differ regarding this definition. The most outstanding characteristic of 
a keloid is the thickness or height, leading to a large tumor that frequently causes serious 
cosmetic and sometimes functional problems. 
In the following chapters, several measurement tools will be evaluated to assess hypertrophic 
scars and/or keloids. 
Chapter 6. In a clinimetric analysis, 3D stereophotogrammetry was found to be reliable and 
valid for measuring scar volume in clinical research
Due to the notable thickness of hypertrophic scars and keloids, treatment strategies such 
as corticosteroids, cryotherapy or excision followed by radiotherapy are often directed at 
flattening of the scar. This in turn makes volume an important scar feature to assess during 
clinical or scientific follow-up. Three-dimensional (3D) stereophotogrammetry is a noninvasive 
technique, which can be used to measure scar volume, thereby providing quantitative follow-
up of a patient’s scar after applied treatment. 
> The objective of this study is to evaluate the clinimetric properties (i.e. reliability and validity) 
of 3D stereophotogrammetry for measuring scar volume.
Chapter 7. Assessing blood flow, microvasculature, erythema and redness in hypertrophic 
scars: a cross sectional study showing different features that require precise definitions
In hypertrophic scars, there are other measurement tools than 3D stereophotogrammetry that 
can be used to evaluate treatment response and monitor scar development. For example, laser 
Doppler imaging (LDI), colorimetry and subjective assessment can be used to evaluate blood 
flow, erythema and redness, respectively. In addition, the microvasculature can be assessed 
using immunohistochemistry, providing information on the actual presence of microvessels 
within the scar. 
However, in clinical practice and in research, the outcomes ‘blood flow, erythema, redness 
and microvasculature’ are currently used interchangeably or replaced by the umbrella term 
‘vascularization’. In the first place, this is confusing, but secondly, it has not been tested to 
what extent the outcomes are associated. Thus, the current interchangeable use of these 
terms is unwarranted.   
CHAPTER 1
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>This study evaluates the correlations between the outcomes of four frequently used 
measurement techniques in hypertrophic scar assessment: LDI, colorimetry, subjective 
assessment and immunohistochemistry. In addition, the aim is to explore whether it is 
appropriate to gather the outcome terms under the umbrella term ‘vascularization’, and we 
provide new insights into the terminology.
Chapter 8. In vivo polarization-sensitive optical coherence tomography of human burn 
scars: quantifying birefringence and showing association with histological collagen density
The ultimate challenge in the assessment of scars is to inspect the tissue in a non-invasive 
manner to provide information on scar morphology. Optical coherence tomography (OCT) is a 
non-invasive technique that is able to obtain an ‘optical biopsy’, as OCT images resemble tissue 
architecture that is similar to histopathology. OCT is the optical equivalent of ultrasound, using 
light instead of sound to produce images. The technique achieves resolutions of 1 - 2 µm, being 
100 - 250 times higher than high-resolution ultrasound. Images can be analyzed qualitatively, 
but also quantitative information can be obtained.  
> In this pilot study, human burn scars in vivo are measured using a handheld probe and 
custom-made polarization sensitive OCT system. The aim is to find out whether it is a feasible 
OCT system, and whether it is suitable to quantitatively assess scar morphology.  
PART III.    NEW TECHNIQUES IN RECONSTRUCTIVE SURGERY 
Besides hypertrophic scars and keloids, there are other types of scars that frequently require 
reconstructive surgery, namely contractures and adherent scars. Scars have the tendency to 
contract, especially when located on joints. The deformity that remains after scar contraction 
is often accompanied by a limited range of motion and is defined as a ‘contracture’.36 The 
prevalence of contractures at discharge from the hospital is rather high: 38-54%.37 Due to 
the considerable limitations in daily life that are caused by these scar contractures13, surgical 
treatment by contracture release is often indicated to improve function and thereby quality of 
life.  
Chapter 9. Perforator-based interposition flaps perform better than full thickness grafts 
for the release of burn scar contractures: a multicenter randomized controlled trial
Full thickness skin grafts (FTSGs) are commonly used to cover the defect that remains after 
releasing the scar contracture. Furthermore, local flaps can be used for this purpose, which 
provide not only healthy skin but also subcutaneous tissue. The blood supply and versatility 
of local flaps can be further improved by enclosing a perforator at the base of the flap. Until 
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now, no trial has been performed to compare the effectiveness between perforator based 
interposition flaps and FTSGs for the treatment of burn scar contracture release.
> This study aims to determine which technique is most effective in burn scar contracture 
releasing procedures: FTSGs or perforator-based interposition flaps.
As a consequence of extensive burns or other severe injuries like necrotizing fasciitis or a 
degloving injury, the pattern of scarring is often widespread. Moreover, these types of injury 
may result in adherent scars38, due to the fact that not only the skin but also the underlying 
subcutaneous tissue is damaged. The destruction of the subcutis can be caused directly by 
the mechanism of injury, or in a later stage by surgical removal when it has become necrotic. 
Normally, the subcutis acts as a functional sliding layer and provides autonomy between the 
skin and underlying structures such as muscles, tendons and bone structures. However, when 
this layer is missing, patients often experience scar stiffness, pain, friction and a limited range 
of motion. 
In recent years, one technique has become very popular in reconstructive surgery and now 
appears to be the only available option for the treatment of adherent scars. ‘Lipofilling’ is the 
technique that emerged in the 1980’s and, at that time, was particularly applied in the field 
of cosmetic surgery. However, the technique is increasingly used for various reconstructive 
indications and thereby known as ‘autologous fat grafting’ (AFG).39 Figure 2 shows the 
exponential increase in scientific publications on AFG over the last 30 years.
Figure 2. Overview of publications on ‘autologous fat grafting’ over the last 30 years (pubmed.gov accessed 
at January 11, 2017).
CHAPTER 1
18
Most research is focused on the use of AFG for breast reconstruction after cancer treatment. 
However, many experimental studies are performed to acquire knowledge on the underlying 
mechanisms of AFG by concentrating on fat survival, regeneration, and tissue remodeling.40, 
41 In the field of adherent scars, only small clinical studies providing preliminary evidence are 
available. It is hoped that by collecting data of good quality (chapter 10 and 11), our positive 
experiences with this technique will be confirmed and that the technique can be officially 
implemented as reconstructive treatment option.      
Chapter 10. Effectiveness of autologous fat grafting in adherent scars: results obtained by a 
comprehensive scar evaluation protocol
In adherent scars, AFG provides the possibility to reconstruct a small but functional sliding 
layer underneath the scar. A number of important advantages are attributed to autologous fat: 
it is biocompatible, inexpensive and easily obtainable in large amounts with minimal morbidity. 
Until now, a large case-series using a comprehensive evaluation protocol is lacking.
> This study evaluates the short-term (i.e. 3 months follow-up) effectiveness of single-treatment 
AFG in adherent scars by validated scar assessment tools. 
Chapter 11. Sustainable effectiveness of single-treatment autologous fat grafting in 
adherent scars
After demonstrating the short-term effectiveness of AFG in adherent scars, a long-term 
follow-up of all included patients was performed to find out whether additional scar quality 
changes occurred. 
> In the current paper, the long-term (i.e. 12 months follow-up) scar outcome is evaluated 
using the same comprehensive scar evaluation protocol as described in chapter 10. 
In addition to the presented clinical study on the effectiveness of AFG, a Letter to the Editor 
is included in chapter 12, in which the results of a randomized controlled trial performed by 
colleagues are appraised. At the end of this thesis, in chapter 13, the findings of the presented 
studies will be discussed and future perspectives on burn practice and research are delineated.
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CHAPTER 2 
Burn wound classification:  
the past, present and the future
“Everything should 
be made as simple as 
possible, but not any 
simpler”  
(Albert Einstein)
CHAPTER 2
26
ABSTRACT 
It is remarkable to note that three burn wound classification systems are used concurrently. 
This causes several difficulties, such as diverse interpretations and the hindrance of correct 
comparison between clinical studies. The need for standardization in burn wound classification 
is paramount, however, a definitive burn wound classification system has yet to be established. 
The aim of this article is to provide a review of the presently used burn wound classification 
systems. In order to do so, it was deemed necessary to first delineate a historical background. 
In addition, the importance of incorporating the subcutis into the classification of burn wounds 
will be elaborated. Finally, a versatile scheme is proposed, aiming at standardization in burn 
wound classification. 
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INTRODUCTION
Most burn clinicians will confirm that an early and correct assessment of burn wounds plays 
a key role in treatment decision-making and indeed the outcome of burn wound healing. It is 
therefore interesting to observe the lack of clarity on the classification of burn wounds. But do 
we really need a burn wound classification system? The answer to this question is presumably 
affirmative considering that the severity of a burn wound appears to be a determinant of (1) 
the survival rate, (2) the necessity and timing of skin grafting, and (3) the final esthetic and 
functional scar quality.1-3 Consequently, a definitive burn wound classification system should 
not only comprise the diagnosis of the burn wound but also the prognosis.
 Nowadays, patients with extensive burns increasingly survive their injuries.4, 5 Therefore it 
becomes more necessary to focus in greater detail on the relationship between burn wound 
healing and treatment, as well as the long-term outcomes, such as scar quality and quality 
of life (QoL).6 In recent decades, the main focus of burn surgery has been on the repair at 
skin level. The important role of the subcutaneous layer in scar quality both esthetically and 
functionally seems to have been overlooked. However, there is now both an appreciation and 
an understanding that this layer should be preserved during initial burn surgery in order 
to promote the final scar quality.7 The question remains whether the current burn wound 
classification systems account for the role of the subcutaneous layer.
 Three classification systems are used concurrently in clinical burn practice, and it is worth 
noting that consequently there has never been a generally acknowledged, or indeed uniform, 
system defined in the literature. This causes several problems, which include the difficulty to 
provide clear treatment guidelines and the ability to compare the outcome of different treatment 
modalities. It also makes it impracticable to pool or compare study results when performing 
either a meta-analysis or a systematic review.8, 9 Many burn specialists have advocated the need 
for finding a common language. At the congress of the International Society of Burn Injuries 
(ISBI) in Prague in 1970, the first attempt was made to establish such a unified classification 
system. Several systems were discussed but, due to doubts as to the accuracy of the diagnosis, 
no consensus was reached.10-12 Later, Shakespeare published the editorial ‘Standards and 
quality in burn treatment’ in 2001.13 Here he elaborated on standards in burn treatment and 
included the description of the ‘depth’ of burns. He proposed that the Burns journal should 
only accept the thickness classification in articles for publication. However, it is apparent that 
trials using other descriptions, such as the degree-based system, are still being accepted.14-17 
 The aim of this article is to provide a review of the presently used burn wound classification 
systems. For the purpose of this review and for general interest, it was deemed necessary to 
first provide a historical background in order to understand both the logic and the progression 
of these systems. Therefore, this paper will start at the beginning of the clinical involvement 
with burn injuries. The importance of incorporating the subcutis into the classification of 
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burn wounds will also be elaborated. It is the hope that a renewed discussion on the use of a 
definitive and suitable classification system will, in this way, be provoked. 
BURN WOUND CLASSIFICATION: A HISTORICAL PERSPECTIVE
The first classification on burns seems to have been recorded by Guilhelmus Fabricius Hildanus 
(1560-1634) in his book Burns “De Combustionibus”.18, 19 Hildanus distinguished three stages in 
which he linked the stage of the burn to the length of contact with the source, as described in 
Figure 1. He judged the injury by its external appearance. The burn was classified as a first stage 
burn when contact of the burning material with the skin was short and erythema appeared, 
together with a stinging pain, swelling and blisters.19, 20 In a second stage burn, the causative 
material was in contact with the body longer. Here, not only blisters became apparent along with 
a yellowish fluid, but also skin damage was present. When the burning substance remained in 
prolonged contact with the skin, veins, arteries and nerves were also affected and a hard, dry and 
black or blue coloring of the skin was seen. This was considered a third stage burn. Even though 
it is not directly recognized, Hildanus had already made a distinction in depth of the burn wound 
by describing partial damage of the skin in contrast to entire skin damage.
 Thereafter, two well-known German surgeons, Lorenz Heister (1683-1758) and August 
Richter (1742-1812), introduced a classification system in terms of degrees of burn.20 Heister 
(1724) described four degrees, which partly resembled Hildanus’ classification. In his first and 
second degree burns, attention was paid to tactile and visual symptoms, such as pain, erythema 
and blistering. Meanwhile, in the third and fourth degree burns, the main characteristic was 
tissue damage, as described in Figure 2.20, 21 Richter (1788) made a classification involving 
much more detailed descriptions and he thought that inflammation was the reason for tissue 
destruction, as detailed in Figure 3.20, 22 He assumed that the temperature and duration of skin 
exposure were causing differences in the severity of inflammation, and therefore concentrated 
the treatment of burn wounds on inflammation-related symptoms. 
 At the beginning of the nineteenth century, there was a trend toward classifying burns in 
three degrees. The French surgeon Baron Alexis Boyer (1757-1833) stated that each degree 
should be treated in a particular way. Moreover, he distinguished superficial and deep second 
degree burns, despite the fact that this was not clearly described in his official classification. 
Some authors consider Boyer as the originator of the three-degree based classification system, 
as described in Figure 4.23 
 Accordingly, Baron Guillaume Dupuytren (1777-1835) criticized the classifications of 
Hildanus, Heister and Boyer.18, 20 He presumed that they were focusing only on the intensity of 
symptoms and not paying enough attention to the depth of destroyed tissue. In his dissertation 
on burns in 1832, Dupuytren proposed a six-degree classification system, as laid out in Figure 
5.24 Up to now, this system provides the most detailed description of the depth of destroyed 
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tissue. It is striking that Dupuytren provides an anatomical as well as a clinical description. 
The first three degrees of Dupuytren are comparable to earlier described classifications. The 
distinction from other systems can be found in the description of the fourth, fifth and sixth 
degree. Here, he addressed all lesions affecting tissue deeper than the dermis. Thereby, 
he was the only one who specifically mentioned the subcutaneous tissue in a classification 
system. Furthermore, Dupuytren underlined the fact that the severity of skin destruction is very 
important for the prognosis. Subsequently, Hebra (1816-1880) returned to the three degree 
classification system, as he assumed that the last degrees of Dupuytren were only of academic 
interest.20, 25 His three degrees were characterized by an extensive description, summarized 
by the words: erythematosa (1st degree), bullosa (2nd degree), and escharotica (3rd degree), as 
presented in Figure 6.
 At the turn of the twentieth century, both the three-degree classification of Hebra and 
the six-degree classification of Dupuytren were being used. Later, several authors tried to 
introduce an alternative classification system with the emphasis on scar formation. Goldblatt 
(1927) classified burn wounds as type I (healing with scarring) or type II (without scarring).26 In 
this system, Goldblatt suggested that special measures were needed to limit scarring in type 
I burns, while type II only required treatment to reduce the inflammation and pain. Thereafter, 
Lehman (1942) indicated that “a healing period of three weeks or less was not associated 
with scar contraction”, thus rendering skin grafting unnecessary, whereas a period of three 
weeks or more was an indication for skin grafting.27 For that reason, he proposed a modified 
Dupuytren classification to cover three groups, instead of six degrees. In these groups, the 
prognosis was based on consideration of an outcome of scarring and guided treatment choices 
such as skin grafting.
 Due to developments in the field of surgical treatment, the need for a uniform classification 
system had now become more pressing. Douglas Jackson was a burn care specialist who firmly 
promoted the use of a burn wound classification system based on the depth of destruction in 
relation to remaining viable epithelial elements.12 According to Jackson, a classification should 
include the following important principles: 
•  It should describe the depth of necrosis, related to the remaining epithelial elements.
•  It should describe the types of burns in which early diagnosis can be made to facilitate 
primary excision of dead tissue.
•  It should have prognostic significance, related to skin grafting and scarring. 
•  It should include all depths of burn, which are commonly distinguished and referred to in 
clinical practice.
In his classification system, Jackson distinguished erythema, partial skin loss (superficial, 
intermediate and deep), deep dermal burns, and whole skin loss.28 The concepts of this 
system were the result of his earlier work on description of zones of intensity: the outer zone 
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of hyperemia, intermediate zone of stasis, and central zone of coagulation.29 In his opinion, 
the sensitivity to pin-prick was the best guide to determine whether the deepest epithelial 
elements were alive.18 However, as he distinguished four subdivisions within the dermis, it may 
have been difficult to perform an accurate assessment. 
 In 1972, Jackson published an article describing tangential excision and skin grafting, 
which was a technique that was conceived and promoted by the Slovenian plastic surgeon Zora 
Janžekovič.30, 31 In this article, Jackson underlined the clinical significance of the anatomy of 
the skin in relation to the depth of burned tissue. Moreover, the role of the subdermal plexus 
in burns is mentioned for the first time. Using a hand-drawn cross-section of the skin, he 
clarified that whole skin loss can be present without capillary stasis extending down to the 
subdermal plexus. This was the most optimal situation for skin grafting of such a severe burn. 
However, if the small vessels remained visibly purple or black, stasis included the venous 
plexus and this implied that fat was involved. In this case, more tissue had to be excised before 
a viable wound bed for split-thickness skin grafting was provided.30
 Hereafter, attempts were made to come to a uniform classification system. As previously 
mentioned, an example of this is found at the congress of the International Society of Burn 
Injuries (ISBI) in Prague in 1970. The need for a uniform system had grown considerably 
due to improvements in the therapeutic armamentarium over a relatively short time. This 
development occurred in the field of operative treatment including tangential excision, as 
previously cited, but also in the field of conservative treatment. No consensus was reached 
during this conference and it resulted in the continued use of different classification systems. 
PRESENTLY USED CLASSIFICATION SYSTEMS AND PATHOPHYSIOLOGY OF THE 
BURN WOUND
Currently, three classification systems are in use for the description of burn wounds, as defined 
in Table 1: the classification in degrees (1a), frequently used by laymen but also in clinical 
practice, the classification of Derganc (1b), which was one of the systems discussed in Prague 
in 1970,10 and the thickness classification as described by Shakespeare in 2001 (1c).13 Moreover, 
it is noted that in several publications, two classification systems and the corresponding 
descriptions are used interchangeably throughout the article, or indeed concurrently in a 
sentence (e.g. “deep dermal and full-thickness burn wounds are …”).32-34 
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Table 1. Presently used burn wound classification systems.
1a. Classification in degrees 1b. Classification of Derganc 1c. Classification of Shakespeare
First degree burn Epidermal burn Superficial burn
Second degree burn - superficial Dermal burn - superficial (IIA) Superficial partial thickness burn
Second degree burn - deep
Dermal burn - deep (IIB)
Deep dermal partial thickness burn
Third degree burn Full thickness burn
Fourth degree burn Subdermal burn Full thickness burn injury of the skin 
with involvement of underlying tissues
We would like to comment here that a search was performed for the most recent description of 
the degree-based system. No up-to-date document was discovered. It seems that current views 
are based on beliefs and routines that originate from Hebra’s descriptions. This interpretation 
was therefore chosen to serve as a guide to elaborate further on this system. 
 In the degree-based system, a first degree burn is erythematous with a uniform red 
color, which does not blanch completely with pressure. It is sharply demarcated and patients 
complain of a burning feeling.25 According to Derganc, epidermal burns are characterized by 
erythema, erythema with wrinkling of the skin, or erythema with blistering at the epidermo-
dermal junction.10, 20 In Shakespeare’s system, the description of a superficial burn is stated as: 
“involves only epidermis”.13 Based on these descriptions and on current views, the epidermis 
is likely to regenerate in a short time by differentiating keratinocytes of the stratum basale. 
Within 1-3 weeks, the skin will look normal again, however, depleted melanocytes after injury 
may lead to pigment changes.20, 35 
 It is noted that the second degree burn is often subdivided into superficial and deep 
wounds. Superficial second degree burns involve the epidermis and superficial dermis. This 
also shows erythema, but in addition blisters appear. The wound becomes moist after removal 
of the blisters and blanches with pressure. As the sensory nerve receptors are located in the 
dermis, the sensation is intact and therefore the burn may cause severe pain.20 Even though 
Derganc also distinguishes a superficial dermal burn, his description involves the complete 
upper half of the dermis.10 Furthermore, the superficial second degree burn is comparable 
with the description that Shakespeare gives to the superficial partial thickness burns, as his 
description comprises the epidermis and only the papillary layer of the dermis.13 It is considered 
that, in all of these wounds, surviving keratinocytes and epidermal stem cells will be present in 
the appendages in the dermis and their presence would enable regeneration of the epidermis. 
 In the deep second degree burn, both the epidermis and most of the dermis is destroyed. 
Generally, the wound has a white appearance with erythematous areas, often considered as 
having a mottled aspect. The skin is matt, dry, sometimes less elastic, and the sensation is 
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decreased. The deep dermal burns of Derganc cover necrosis reaching to the lower half of 
the dermis10, whereas the deep dermal partial thickness burns of Shakespeare involve the 
epidermis and dermis up to the reticular layer.13, 36 In these types of wounds, the number of 
skin adnexae is likely to be reduced due to near-complete loss of dermis. Therefore, surviving 
keratinocytes and epidermal stem cells might be present in the wound, but the time to healing 
will be longer. Accordingly, the risk of bacterial colonization increases, as well as the risk of 
hypertrophic scar formation. 
 In the third degree burn, it is stated that the epidermis and all of the dermis is destroyed. 
This is assumed to lead to a crust that may be brown, black or white. It may have a leather 
consistency, but can also feel soft. However, in all cases, the wound is insensitive.20, 25 In 
full thickness burns there is involvement of the whole thickness of the skin and possibly 
subcutaneous tissue.13 In the degree-based system, the sometimes mentioned fourth degree 
burn reaches to deeper parts than the dermis. Interestingly, Shakespeare and Derganc 
described this scenario as “full thickness burns with involvement of underlying tissues” and 
“subdermal burns”, respectively.10, 13 It is generally recognized that these wounds are not able 
to regenerate an epidermis by conservative treatment alone and often receive a skin graft to 
promote wound closure. 
DISCUSSION: CONSIDERATION OF THE PRESENTLY USED BURN WOUND 
CLASSIFICATION SYSTEMS AND THE ROLE OF THE SUBCUTIS
On consideration of the presently used classification systems, it is evident that there is 
substantial overlap, while slight differences are still present. Firstly, the description of the 
subdivision into superficial and deep is not exactly the same within each system. It remains 
unclear what the basis or origin of the descriptions is and this leads to both misunderstanding 
and confusion. Secondly, when looking at the finer details, it is not entirely evident where a 
third degree burn stops and where the fourth degree burn begins. This also holds for the 
full thickness burn of Shakespeare’s system. In contrast, the demarcation does seem clear 
in the system of Derganc, wherein deep dermal burns cover the lower half of the dermis and 
subdermal burns start below the dermis, thereby comprising the subcutis. Dupuytren also 
included the subcutis in his description of the fourth degree burn; consisting of the epidermis, 
the whole dermis, and sometimes a superficial layer of the subcutaneous tissue.24 It may 
be that he had already realized its importance, but thereafter the attention to this structure 
decreased. But why might the subcutis be so important? A closer look at its anatomy and 
function is essential before carefully attempting to reintroduce the subcutis into burn wound 
classification.
 The subcutis has several functions that are widely known; these include endocrinological 
functions such as energy storage and thermoregulation via insulation, and physical function 
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by provision of protective padding.37, 38 Additionally, the subcutis contains important vascular 
structures, such as the cutaneous microcirculation that arises from two plexuses. In the 
dermis, the upper horizontal plexus provides the capillary loops of the dermal papillae. The 
lower horizontal plexus, also known as the subdermal plexus, is formed by perforating vessels 
from the underlying muscles through the subcutaneous fat. The arterioles and venules arise 
from the subdermal plexus and directly connect with the upper horizontal plexus. They also 
provide lateral branches that supply the adnexae, such as hair bulbs and sweat glands. As 
already mentioned by Jackson, it is therefore important to identify whether the subcutis 
remains intact as this provides information on the presence or absence of functional blood 
supply to the skin. 
 In the past, the subcutaneous tissue was frequently removed during acute burn surgery 
to minimize blood loss, to reduce the operation time, and to provide a better quality of the 
wound bed for split thickness skin grafts.39 However, for consideration of the final scar quality 
after burns, it is now believed that the subcutis is of paramount functional importance. The 
subcutaneous tissue forms a sliding layer that separates the scar from underlying structures 
such as muscles, tendons or bone tissue. In this way, internal stimuli are not directly transmitted 
to the scar, and external stimuli are attenuated. Injuries that are severe enough to affect the 
subcutis can destroy this functional sliding layer. This ultimately leads to stiff and adherent 
scars that may limit the range of motion.7 At present, it is possible to separate the scar from 
the underlying structures and to partially reconstruct the subcutis by autologous fat grafting, 
which results in improved scar quality and pliability.40 Thus, bearing in mind the significance of 
the subcutis for the long-term functional quality of the scar, it is proposed that it merits a place 
in the classification of burn wounds. 
 Altogether, it is apparent that the currently used classification systems demand for a 
precise allocation of each (part of a) burn wound to a certain category. This is a challenging 
task since it is very difficult on presentation to correctly assess the exact amount of destroyed 
tissue by only visual and tactile inspection. Consequently, clinical evaluation is accompanied 
by low accuracies, as already mentioned during the ISBI congress in 1970. This has continued 
to be an issue over the years and an accuracy of 50-70% is still reported.41-43 We think that 
this accuracy can only be improved by using measurement tools, as recently also stated by 
Heyneman et al.9, 43 Measurement tools could provide more in-depth information than can be 
acquired by visual inspection of the surface of the wound. Currently, the classification of burn 
wounds could be aided by techniques such as laser Doppler imaging (LDI).44, 45 This evaluation 
gives the expected time to heal, or healing potential, by quantification of the blood flow, as 
expressed in perfusion units.46, 47 It is noted here that this information is closely related to the 
previously described remaining viable epithelial elements as determined in the pin-prick test 
by Jackson.12 By expression of the healing potential, a prognosis can be added to the diagnosis. 
In addition, the ability to compare between clinical studies can be improved using evaluation 
by LDI. However, it is noted here that other techniques, such as optical coherence tomography 
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(OCT) and hyperspectral imaging, are in development.48, 49 Presumably, these state-of-the-art 
techniques will eventually substitute LDI, but at present it remains the best available choice.  
Taking into account these considerations, our proposal is for a simple and versatile scheme. 
This scheme contains burn wound pathophysiology, clinical evaluation, prognosis/healing 
potential, classification, and indicated treatment modalities, as detailed in Table 2. Compared 
to previously described systems, the proposed classification is not completely transformed; 
rather it represents a combination of Shakespeare’s thickness classification and the system of 
Derganc. For the purpose of clarity, the classification is made as simple as possible, covering 
four categories including one for injury of the subcutis or underlying structures, or in other 
words a subdermal burn. Injury of the skin that only shows redness, theoretically induced 
by a dermal inflammatory response, is left out of consideration. Most sunburns, mild scalds 
or equivalents fit this group. As the redness may fade away within 5 days, without showing 
epidermal regeneration, it is stated that this type of injury does not comprise a wound. As 
shown in Table 2, deep partial thickness burns still form a challenging category. This is 
accentuated by the different LDI colors and their corresponding diverse healing potentials. We 
believe that it is of no use to further subdivide this category, as it remains impossible to exactly 
assess the extent of destroyed tissue by clinical evaluation. Furthermore, we aim to clarify 
the demarcation between deep partial thickness burns and subdermal burns; when some 
viable dermis is observed, which is commonly assessed during or after debridement either by 
tangential excision or enzymatic, the burn wound is considered a deep partial thickness burn. 
The burn can be considered subdermal only if the entire dermis has to be removed during 
surgery; leaving the subcutis, muscles or bone tissues clearly visible after debridement. The 
proposed scheme can be used on different days post-burn. It is recommended that the most 
optimal time-frame to assign a burn to a given category is 2-5 days post-burn, as a burn injury 
is a dynamic process that peaks at about three days post-burn.36 Accordingly, LDI shows the 
best accuracy at day 2-5 post-burn.43, 50 Nonetheless, when LDI is not available, the severity 
of a burn wound may become more evident by serial clinical evaluation over several days. 
Moreover, it is highlighted that burn wound healing is a dynamic process that is affected by 
patient-related factors and/or wound healing complications. As a result, the initial diagnosis 
may change. This requires critical follow-up of the wound and sometimes reconsideration of 
the proposed treatment. 
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FUTURE CONSIDERATIONS
As previously emphasized by both Goldblatt (1927) and Lehman (1942), “no special measures 
are needed for burn wounds that heal within 21 days, as it is thought that these wounds leave no 
problematic scars”.26, 27 This viewpoint is still regularly acknowledged,51 but could change due to 
developments that have been made with the use of rapid enzymatic debridement techniques.52 
At our centers in Belgium and the Netherlands, deep partial thickness burns are increasingly 
treated with the debriding enzyme bromelain. It has been reported that in a number of these 
cases, LDI reveals a substantially ‘blue-colored’ burn wound that should be treated surgically 
according to current views. However, after enzymatic debridement, these wounds sometimes 
show sufficient intact dermis, thereby having the potential to heal spontaneously by additional 
topical treatment. Although this might take longer than 21 days, these burn wounds are capable 
of healing with minimal to no hypertrophic scar formation (Personal communication Hoeksema, 
2017). The ongoing theory is that acute removal of eschar, within 72 hours, improves the local 
wound environment and reduces factors that induce hypertrophic scar formation. Certainly, 
more clinical trials are needed to assure the effectiveness of enzymatic debridement and to 
support the associated new conceptual thinking about problematic scarring. Moreover, it is felt 
that any acceleration in time to healing of deep partial thickness wounds remains valuable as 
it reduces morbidity, such as pain, and the risk of other wound healing complications, such as 
bacterial colonization, infection, and pigmentation disorders. 
 Another development is the use of hydrosurgical debridement. This technique could also 
be responsible for an altered viewpoint concerning burn wound outcome. When the eschar of 
a deep partial thickness burn is removed with hydrosurgery, it is hypothesized that bacterial 
load is reduced and spontaneous healing with the use of biological dressings is optimized, 
thus potentially leading to a better outcome. Alternatively, using hydrosurgery prior to the 
application of a skin graft instead of tangential excision by a dermatome or Humby knife, more 
viable dermal tissue could be preserved due to the small handset that targets difficult areas 
and provides precise debridement.53 This in turn may contribute to a better final scar quality.54 
 Finally, when looking at future considerations regarding measurement tools that aid in 
burn wound assessment, it is emphasized that the proposed scheme can be expanded by other 
measurement tools complementary to LDI, for example by thermography.55-57 Nevertheless, 
before a measurement tool can be added, a thorough evaluation of its validity, as compared to 
LDI, and reliability is needed.58 Thereafter, certain outcome values or cut-off values of the new 
measurement tool, which correspond to the categories of the proposed scheme, will need to 
be established. 
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CONCLUDING REMARKS
We conclude that the presently used classification systems are susceptible to different 
interpretations. Moreover, three classification systems are being used concurrently and this 
results in both misunderstanding and the hindrance of correct comparison between clinical 
studies. Additionally, in the context of guideline development and outcome measurement, 
it is of great importance to speak a common language both in research and in the clinical 
assessment of patients with burns. This would be achieved by standardization. Furthermore, 
the subcutis has recently been shown to play a more important role than was thought earlier, 
not only in burn wound classification, but also in terms of functional scar quality in the long 
term. In order to meet the challenges of classification, a versatile scheme is proposed here, 
which contains aspects of burn wound pathophysiology, clinical evaluation, LDI outcome, 
simplification, and designation of treatment modalities. It is the hope that the worldwide burns 
community will adopt and expand this system with novel diagnostic and treatment modalities.
Acknowledgments
This project was supported by a grant from the Dutch Burns Foundation (number 13.107). We 
also thank Kim L.M. Gardien, MD, and Dorotka T. Roodbergen, MD, for their input related to the 
proposed classification scheme.
CHAPTER 2
38
Stage Description
First stage Erythema, stinging pain, swelling, blisters filled with colorless fluid, with separation 
of epidermis from underlying layers of the skin
Second stage Erythema, pain and blisters filled with yellowish fluid, tension due to contraction of 
the skin
Third stage No blistering, little or no pain, hard, dry and black or blue colored skin
Figure 1. Classification of burn injuries in stages by Guilhelmus Fabricius Hildanus (1560-1634).
Degree Description
First degree Vesication in the injured part in short time and pain
Second degree Instant severe pain and vesication
Third degree The common integuments and subadjacent flesh form a crust
Fourth degree Total destruction down to the bone
Figure 2. Classification of burn injuries in four degrees by Lorenz Heister (1683-1758).
Stage Description
First degree Erythema, burning feeling, no swelling, no fever and short-lived inflammation
Second degree Erythema, swelling, intense pain, slight fever and severe inflammation
Third degree Blisters with yellowish fluid, separation of epidermis, heavy fever, intolerable pain
Fourth degree Insensitive, dead skin
Figure 3. Classification of burn injuries in four degrees by August Richter (1742-1812).
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Stage Description
First degree An erythema
Second degree Blistering leading to superficial ulcers
Third degree An eschar
Figure 4. Classification of burn injuries in three degrees by Baron Alexis Boyer (1757-1833).
Degree Description
First degree Erythema without vesication
Second degree Vesicle formation and loss of epidermis with signs of inflammation
Third degree Destruction of the papillary of the dermis
Fourth degree Destruction of the whole dermis in subcutaneous tissue
Fifth degree The formation of eschars of all the superficial parts and of muscles to a greater 
or less distance to the bone
Sixth degree Carbonisation of the whole limb
Figure 5. Classification of burn injuries in six degrees by Baron Guillaume Dupuytren (1777-1835).
Degree Description
First degree Dermatitis ambustionis erythematosa; the skin has a uniform red color, 
generally sharply delimited, which may be accompanied by slight swelling. The 
patient complains of a burning feeling. Large burns may lead to a slight feverish 
reaction. The red color is due to dilatation of the small blood vessels, followed by 
paresis of the vessels and passive over-filling. 
Second degree Dermatitis ambustionis  bullosa; in addition to the symptoms mentioned above, 
larger or smaller blisters appear. They may be produced immediately or after a 
delay of several hours. The blisters are sometimes hard due to the pressure of 
the exudate filling them.
Third degree Dermatitis ambustionis  escharotica; crust formation from the necrotic skin, 
which may be brown or black. The wound is insensitive and lifeless; may dry out 
and have a leather consistency or look smooth, whiter and undamaged; may feel 
hard or soft. The final scar lacks papillae, hairs and follicles. 
Figure 6. Classification of burn injuries in three degrees by Hebra (1816-1880).
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CHAPTER 3 
A systematic review on the quality of 
measurement techniques for the  
assessment of burn wound depth  
or healing potential
“If you can’t measure it, 
you can’t improve it” 
(William Thompson  
– Lord Kelvin)
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ABSTRACT
Objective: The aim of this review was to critically appraise, compare and summarize the quality 
of relevant measurement properties of techniques that aim to assess burn wound depth or 
healing potential.   
Study design and setting: A systematic literature search was performed using PubMed, 
EMBASE and Cochrane Library. Two reviewers independently evaluated the methodological 
quality of included articles using an adapted version of the COSMIN checklist. A synthesis of 
evidence was performed to rate the measurement properties for each technique and to draw 
an overall conclusion on quality of the techniques.
Results: Thirty-six articles were included, evaluating various techniques, classified as (1) 
laser Doppler techniques; (2) thermography or thermal imaging; (3) other measurement 
techniques. Strong evidence was found for adequate construct validity of laser Doppler 
imaging (LDI). Moderate evidence was found for adequate construct validity of thermography, 
videomicroscopy, and spatial frequency domain imaging (SFDI). Only two studies reported on 
the measurement property reliability. 
Conclusion: It appears that LDI is currently the most promising technique; thereby 
assessing burn wound healing potential. Additional research is needed into thermography, 
videomicroscopy, and SFDI. Future studies should focus on reliability and measurement error, 
and provide a precise description of which construct is aimed to measure.
13
SYSTEMATIC REVIEW ON MEASUREMENT TECHNIQUES FOR THE ASSESSMENT OF BURN WOUNDS
47
INTRODUCTION
Burn wounds are heterogenic and continuously subject to change, which makes it difficult to 
determine the severity.1-3 Nevertheless, reliable and valid assessment of burn wound severity 
is fundamental to clinical decision-making. For example considering the timing of surgery and 
choosing the right treatment protocol. In addition, adequate diagnosis may shorten the time to 
appropriate treatment, which is obviously beneficial for the patient. A superficial burn wound 
will heal spontaneously whereas severe or deep wounds require surgery in the form of skin 
grafting. Most challenging are the burn wounds where the diagnosis is indeterminate from 
a clinical perspective. Furthermore, in research, it is essential to be able to compare studies 
evaluating different treatment modalities in relation to the initial severity of a burn wound. 
 Worldwide, clinical evaluation of burn wound severity is the most frequently used method 
as it is readily available.4, 5 This method is based on visual and tactile inspection of wound 
characteristics such as appearance, capillary refill and sensibility, and usually expressed as 
burn wound depth.6-8 However, the validity of clinical evaluation is limited.4, 5 This is likely due 
to the fact that it is impossible to assess the extent of tissue damage by only inspection of the 
surface, especially during the first days post-burn. Moreover, the reliability of this method is 
moderate due to the inconsistency in ratings of different clinicians.1, 4, 7, 9 Another method that can 
be used to assess burn wound depth is histological analysis of punch biopsies obtained from the 
burn wound. However, this method comprises several disadvantages such as no standardized 
histological interpretation,10, 11 a high rate of sampling error due to heterogeneity within the 
burn wound, biopsy site morbidity, and inter-observer variation between pathologists.12-14
 In addition to burn wound depth, other constructs have been assessed to inform optimal clinical 
decision-making, such as blood flow, temperature, oxygen saturation, or melanin content.15-17 The 
remaining blood flow after burn injury, as measured by laser Doppler imaging (LDI),18, 19 is also 
expressed as ‘healing potential’, which is the expected time to heal of the burn wound in days.5 
Although the blood flow within a burn wound seems related to the depth of the burn wound,2, 20 the 
precise relation remains unclear and therefore healing potential is not a direct measure of burn 
wound depth by itself.21 It rather represents a predictive variable, which can potentially help clinical 
decision-making. Accordingly, different burn wound constructs can be acknowledged, among 
which burn wound depth and burn wound healing potential are the most frequently used.
 It is important to perform research in which the measurement properties (i.e. quality) of 
techniques are evaluated, as it provides information on whether the measurement technique, 
and thus the scores produced by the technique or tool, can be trusted. Therefore, the objective 
of this review was to critically appraise the relevant measurement properties of techniques 
that aim to assess burn wound depth or healing potential, and to provide a summary and best 
evidence synthesis on the measurement properties of each technique. Ultimately, we aimed 
to provide a recommendation on the most suitable technique for burn wound depth or healing 
potential.   
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METHODS
Search strategy
A systematic literature search was performed using PubMed, EMBASE and Cochrane Library, 
supervised by a specialized librarian of the VU University Medical Center in Amsterdam, the 
Netherlands. The search was reported according to the PRISMA guidelines.22 Search terms on 
burn wounds were combined with assessment-related search terms (i.e. imaging, measuring, 
and monitoring), and with different aspects to be measured (i.e. depth, healing potential, blood 
flow, and perfusion). The full search strategy per database can be found in Appendix A.   
Selection of studies
The following inclusion criteria were used: (1) full text articles published before July 2016 in 
English or Dutch; (2) the aim of the study was to evaluate one or more measurement properties 
of a measurement technique for the assessment of burn wound depth or healing potential; 
and (3) the study population consisted of humans (of all ages) or animals. Clinical evaluation 
and histology were not included as measurement techniques, as these methods largely rely 
on the interpretation of experts and no tool is used. Studies that focused on burn scars were 
excluded, as well as studies on photographic assessment, the latter being a derivative of 
clinical evaluation. Two researchers (MJ and LvH) independently performed title, abstract, and 
full text screening to select eligible articles. Reviewer disagreements were identified using 
the web-based software platform Covidence (www.covidence.org), which has been selected 
as a preferred tool by the Cochrane Collaboration. Disagreements were resolved through 
discussion between these two authors. In case of sustained disagreement between these 
two reviewers during any of the following steps, a third reviewer (LM) was involved to reach 
consensus. Subsequently, reference lists of the selected articles were searched for additional 
studies. 
Assessment of methodological quality of studies
To assess whether results obtained from the included studies can be trusted, the methodological 
quality of the studies needs to be assessed. Therefore, we used an adapted version of the 
Consensus-based Standards for the selection of health Measurement Instruments (COSMIN) 
checklist.23, 24 The COSMIN checklist was originally developed to assess the quality of studies 
on the measurement properties of patient reported outcome measures (PROMs) and consists 
of boxes containing methodological standards for how each measurement property should be 
assessed. Each standard can be rated according to a 4-point scoring scale: excellent, good, 
fair, or poor.25 To determine the final score of each box, thereby assessing the quality of the 
study, the ‘worst score counts’ principle was used. 
 Some relevant standards for studies on the quality of measurement techniques included 
in the COSMIN boxes were missing. For example, whether the environment was stable when 
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evaluating the reliability in an inter-observer reliability study. On the other hand, some items 
of the original checklist were not relevant or applicable, such as ‘were the administrations 
independent?’ and ‘was the time interval appropriate?’ as static images were often evaluated. 
Consequently, these items were deleted. 
 In this review, we were particularly interested in the reliability, measurement error, and 
construct validity of the included techniques. As we did not expect to find any studies on the 
measurement properties structural validity, content validity and internal consistency, these 
measurement properties were not assessed in this review, but studies will only be described 
when found. Moreover, there are no guidelines available on how to evaluate content validity 
for clinician-reported outcome measures. In addition, since no criterion (i.e. gold standard) 
exists in burn wound assessment, criterion validity is not relevant. Indeed, clinical evaluation 
and histology are often assigned as criterion; however, these methods are associated with 
moderate validity and therefore not considered as appropriate gold standards. Cross-cultural 
validity was not applicable as it concerns translation of the items of a PROM. Responsiveness 
detects change over time in the construct to be measured, whereas assessment of burn wound 
depth or healing potential is regularly performed for diagnostic purposes at one time point. 
 The adapted version of the COSMIN checklist is presented in Appendix B. MJ and LvH 
independently scored the methodological quality of the included studies. Disagreement was 
resolved through discussion or by contacting a third reviewer (LM). We used the COSMIN 
taxonomy to decide which measurement property was evaluated in a study.26 When a single 
article presented multiple studies, each study was assessed and rated separately. As shown in 
Appendix B, we extracted information on the sample size to provide general information, but 
as recently determined by COSMIN, the item did not count for the final score of each box.  
Data extraction 
From all included articles, data were directly extracted into Excel tables concerning the: (1) 
general characteristics of the study and its population (i.e. animal or human study, number of 
burn wounds, year, and country); (2) general characteristics of the measurement techniques 
(e.g. outcome, mechanism, measurement time, and type of analysis); and (3) the results of the 
evaluated measurement properties. 
Assessment of the quality of measurement properties 
For each study, one researcher (MJ) evaluated the quality of the measurement properties 
using predefined criteria as presented in Table 1. These criteria were adapted from the 
proposed criteria for good measurement properties by Prinsen et al.27 The possible ratings for 
a measurement property were adequate (+), indeterminate (?), or inadequate (-).
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Table 1. Quality criteria for acceptable results of studies on measurement properties.
Measurement 
property
Definition Adequate (+) Indeterminate (?) Inadequate (-)
Reliability The proportion of the 
total variance in the 
measurements, which is 
due to ‘true’ differences 
between patients
ICC or Kappa ≥ 0.7 ICC or Kappa not 
reported
Criteria for ‘+’ 
not met
Measurement 
error
The systematic and 
random error of a score 
that is not attributed 
to true changes in 
the construct to be 
measured
SEM or LoA < 
clinically acceptable 
values
SEM or LoA not 
defined
Criteria for ‘+’ 
not met
Construct validity The extent to which a 
particular tool relates 
to other outcome 
measures in a manner 
that is consistent with 
theoretically derived 
hypotheses
At least 75% of 
the results are in 
accordance with 
the predefined 
hypotheses
Only accuracy 
or differences 
between relevant 
groups reported 
Criteria for ‘+’ 
not met
Definitions are in accordance with the COSMIN study.26 ICC = intraclass correlation coefficient; SEM = 
standard error of measurement; LoA = Limits of Agreement.
Reliability and measurement error
For reliability, the intraclass correlation coefficient (ICC) is the most suitable and acceptable 
parameter for continuous scores and the weighted Cohen’s kappa should be used for ordinal 
measures.28, 29 An adequate rating was given when the ICC or Kappa was calculated and ≥0.7.27 
The measurement error is expressed by the standard error of measurement (SEM) or the 
limits of agreement (LoA) in the unit of the measurement scale,29 and was scored adequate if 
the SEM or LoA showed clinically acceptable results. Preferably, SEM or LoA values would be 
compared to minimally important change (MIC) values, but it was highly likely that these values 
were not found. 
Hypotheses testing for construct validity
Frequently used outcome measures in burn wound assessment are clinical evaluation, 
histological analysis, observed healing, and healing potential as measured by LDI. Since many 
authors failed to formulate hypotheses a priori, we defined hypotheses about expected results 
between the measurement tool under study and the comparator instrument:
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•   The correlation between the measurement tool and the comparator instrument is >0.7
•   The specificity of the measurement tool for distinguishing a deep burn wound (no healing) 
from a superficial burn wound is 70%
•   The positive predictive value of the measurement tool is 70%
•   The area under the curve (AUC) for distinguishing deep burn wounds (no healing) from 
superficial burn wounds (spontaneous healing) is >0.7 
The more hypotheses are being tested on a specific measurement technique, the more evidence 
is gathered. It is considered here that high specificity and positive predictive value (PPV) are 
deemed more important than sensitivity and negative predictive value (NPV), as it is essential 
to avoid burn wounds that are falsely classified as needing surgery (i.e. burn wounds that can 
heal spontaneously but classified as a deep burn wound/needing surgery). 
Synthesis of evidence
Finally, a best evidence synthesis was performed, taking into account the: (1) consistency 
of results between studies; (2) methodological quality of the studies; and (3) quality of the 
measurement properties. The overall quality of a measurement property for each technique was 
displayed as either: strong, moderate, limited, conflicting, or unknown level of evidence. Strong 
level of evidence reflects consistent findings (adequate or inadequate) in multiple studies of 
‘good’ methodological quality OR in one study of ‘excellent’ methodological quality. Moderate 
level of evidence reflects consistent findings (adequate or inadequate) in multiple studies of 
‘fair’ methodological quality OR in one study of ‘good’ methodological quality. Limited level of 
evidence reflects findings (adequate or inadequate) in one study of ‘fair’ methodological quality. 
Conflicting level of evidence reflects conflicting findings between studies. Unknown level of 
evidence reflects only studies of ‘poor’ methodological quality or only indeterminate findings.  
RESULTS
Search 
As shown in Figure 1, a total of 1664 unique articles published before July 2016 were identified 
with the literature search. Titles, abstracts, and full texts were reviewed, which resulted in 36 
articles fulfilling the inclusion criteria, presenting 42 studies (32 human and 10 animal studies). 
The reference checking of the included articles did not generate other relevant studies. 
Fourteen measurement techniques were distinguished, classified as (1) laser Doppler 
techniques; (2) thermography or thermal imaging; (3) other measurement techniques, 
such as photoacoustic imaging (PAI), spectrophotometric intracutaneous analysis (SIA), 
dermoscopy, near-infrared spectroscopy (NIRS), videomicroscopy, reflectance spectrometry, 
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Articles identified with search strategy 
(N=2548) 
PubMed: N=1148 
Embase: N=1335 
Cochrane library: N=65 
Unique articles for review (N=1664) 
Excluded (N=884) 
Overlapping articles 
Articles fulfilling selection criteria  
(N=36) 
Excluded (N=1628) 
After reading title: N= 1341 
After reading abstract: N=131  
After reading manuscript: N=156 
• Article retracted: N=1 
• No full text available: N=18 
• Other study design (case resport,   
protocol, survey): N=31 
• No evaluation of measurement 
properties: N=83 
• Photographic assessment: N=6 
• Other language: N=4 
• Miscellaneous: N=13 
Articles finally selected (N=36) 
Included (N=0) 
Reference checking 
Figure 1. Flowchart of literature search and study selection.
ultrasonography, spectroscopic optical coherence tomography (OCT), dual-imaging: OCT and 
pulse speckle imaging (PSI), spatial frequency domain imaging (SFDI), fiber-optic confocal 
imaging (FOCI), and multispectral imaging. Table 2 shows the characteristics of included 
measurement techniques.
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Quality of studies and measurement properties
Details about the methodological quality of included studies and the results of the studies on 
the measurement properties reliability and construct validity are summarized in Table 3 and 4, 
respectively. Most studies evaluated construct validity, whereas only two studies investigated 
the reliability of the measurement technique under study.30, 31 None of the included studies 
focused on the measurement error. In addition, no studies were found on structural validity, 
content validity, or internal consistency.
Synthesis of evidence
Table 3 and 4 also present the conclusion about the overall quality of respectively the reliability 
and construct validity, per measurement technique, expressed as the level of evidence. 
Reliability
The studies that investigated the reliability comprised videomicrosopy and dermoscopy as 
measurement techniques. Both studies evaluated the reliability of the interpretation phase, 
rather than the reliability of the whole measurement process. We found the quality of the 
results for the intra-and inter-observer reliability of videomicroscopy conflicting, and thus the 
level of evidence for this measurement technique was conflicting. For dermoscopy, limited 
evidence was found for inadequate results.
Hypotheses testing for construct validity
Construct validity was evaluated in 42 studies. In category (1) Laser Doppler techniques, 18 
studies were performed; evaluating laser Doppler flowmetry in the earlier years and laser 
Doppler imaging more recently. Almost all studies on laser Doppler compared the results to 
the observed healing time. The most frequently used cut-off point for observed healing was 21 
days post-burn, but also 14 days post-burn and 12 days post-burn (in children) was applied. 
Strong evidence was found for adequate construct validity of LDI.
 In category (2) thermography, six studies were performed, evaluating static, active, and 
active-dynamic thermal imaging. One human study compared thermography to LDI.17 Another 
human study stated to compare the results to observed healing in combination with histology 
(for excised burns), however, no description on the histology results was found.32 The remaining 
four studies performed an experiment in pigs and used observed healing and/or histology as 
comparator instrument.16, 33-35 Moderate evidence was found for adequate construct validity of 
thermography.
 When focusing on category (3) other measurement techniques, a variety of techniques 
were evaluated. Many studies in this category performed an animal experiment, using rats, 
mice or pigs, thereby allowing to perform histological analyses without difficulty.31, 36-41 When 
focusing on research in humans, 10 studies were performed: three on videomicroscopy,30, 42, 43 
two on spectrophotometry,17, 44 one on dermoscopy,31 one on near-infrared spectroscopy,15 one 
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on ultrasonography,45 and two on multispectral imaging.8, 46 In this category, the outcomes of 
the measurement techniques were mainly compared to observed healing and in two studies 
to LDI. Moderate evidence was found for adequate construct validity of videomicroscopy 
and SFDI. Limited evidence was found for adequate construct validity of dermoscopy, NIRS, 
reflectance spectrometry, and dual imaging (PSI and OCT). Unknown evidence was found for 
FOCI, multispectral imaging, spectroscopic OCT, ultrasonography, SIA, and PAI.
Furthermore, we found one explanation article focused on LDI.47 Pape et al. provided extensive 
information on the color palette for LDI based on healing times of a series of burn wounds 
in adults and children. The color palette considers the following boundaries: healing within 
14 days is red (PU>600), healing between 14 and 21 days is yellow (PU 261-440), and healing 
beyond 21 days is blue (PU<200). The intermediate categories are formed by pink (PU 440-600); 
healing at about 14 days, and green (PU 201-260); healing at about 21 days. The category blue 
is further subdivided into dark blue (PU 0-140) for burn wounds that have 96% probability for no 
healing by day 21, and light blue (PU 141-200) with 74.4% probability for no healing by day 21. 
The color palette was subsequently validated by Monstrey et al.,48 showing an overall accuracy 
of 96.3%.
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DISCUSSION
The purpose of this review was to critically appraise, compare and summarize the quality of 
techniques that aim to assess burn wound depth or healing potential. Ultimately, we aimed to 
provide a recommendation on the most suitable technique. To our knowledge, this is the first 
systematic review on techniques for burn wound assessment that took the methodological 
quality of included studies into account. Thirty-six articles, comprising 42 studies on 14 
measurement techniques, were evaluated.
 Strong evidence was found for adequate results on construct validity for LDI. Therefore, 
LDI seems the most promising measurement technique for burn wound assessment, 
thereby determining burn wound healing potential. The methodological quality of studies that 
investigated the construct validity of LDI was variable; nevertheless, four studies were scored 
‘good’ and one ‘excellent’, in which adequate descriptions of the comparator instrument 
(e.g. observed healing), including its measurement properties, were given, and appropriate 
statistical analyses were used. The comparability of study results in the laser Doppler category 
is challenging, as diverse tools were evaluated, using differing cut-off perfusion values. Ten 
studies used the laser Doppler Imaging (LDI) Burn Imager2, 17, 43, 48-51 or Laser Doppler Line 
Scanner (LDLS),52, 53 both from Moor Instruments, Axminster, United Kingdom. Also other 
laser Doppler tools were evaluated such as the Periscan PIM 354 or PF 400155 (Perimed AB, 
Stockholm, Sweden). These systems maintain other perfusion cut-off values compared to the 
Moor systems to determine whether a burn wound will heal. Nevertheless, the results of all 
LDI tools, developed by different companies, showed consistent high sensitivity and specificity 
values (varying between 74% and 100%), if the scan was performed >48 hours post-burn. For 
the purpose of clarity and because of these consistent results, we decided to present one level 
of evidence for LDI as technique, rather than for every LDI tool separately. Nevertheless, the 
evidence per measurement tool can be obtained from Table 4. Furthermore, we found one 
explanation article on LDI.47 To pursue uniformity, we recommend using the color palette of 
Pape et al. to make predictions about the healing potential of burn wounds assessed by LDI. 
One of the advantages of LDI is that the technique has been developed in such a way that a 
large part of the analysis and image interpretation is standardized, and therefore the observer 
can minimally affect it. Only the area of interest has to be traced manually, but thereafter the 
computer performs automatic analysis of the mean perfusion value. However, until now, no 
studies on the reliability of this specific phase in the performance of LDI were found, whilst it is 
known from previous research that manual tracing of the area of interest can certainly influence 
the reliability.56 Therefore, we would like to put forward that it is needed to examine these 
sources of variation in further LDI research. Likewise, the analysis of the output of many other 
techniques, such as videomicrosopy, dermoscopy, ultrasonography, and spectrophotometry, 
is not standardized at all. In these techniques, interpretation of the obtained data is required 
using a well-described scoring algorithm,42, 43 which is possibly accompanied by a high-degree 
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of variation between observers or over time. It is essential to take into account that these 
measurement techniques comprise a large subjective component and therefore it is important 
to evaluate the intra- and interobserver reliability. Indeed, it was surprising that we found only 
two studies focusing on the reliability of the measurement technique under study.30, 31 It is 
recommended that in future studies, multiple measurements are performed in stable patients 
by at least two observers.29 Additionally, as reliability parameters are highly dependent on the 
variation in the studied sample (i.e. heterogeneity), it is of importance to analyze a sample that 
reflects the population in clinical practice. Moreover, to be able to monitor an individual patient 
over time in clinical practice, agreement parameters such as the measurement error and the 
smallest detectable change should be determined. These parameters are expressed on the 
actual scale of measurement and can therefore easily be interpreted by clinicians.28
One of the reasons that many studies received a poor score for the assessment of construct 
validity is because the authors failed to provide adequate information on the comparator 
instrument. Most of the time, there was no specification, sometimes ‘observed healing’ was 
defined as complete epithelialization of the burn wound and in another study it was defined 
as when no dressings were needed.57 Additionally, the measurement properties of ‘observed 
healing’ were often not reported and it was unclear whether one or two observers performed 
this type of assessment. Consequently, the use of ‘observed healing’ as comparator instrument 
was unwarranted in many studies (see also Appendix B). In future research, it is recommended 
to define ‘burn wound healed’ as the post-burn day on which ≥95% of the original wound surface 
area is epithelialized, which has to be performed preferably by an experienced observer (i.e. 
more than 10 years practice in burns) or alternatively by two less experienced observers.58 The 
statement that healing is obtained when no bandages are needed is not recommended, as this 
method is susceptible to different interpretations. 
 Another comparator instrument for which also often adequate information was lacking was 
histology, thereby studies were not describing precisely the specific content and measurement 
properties of their type of histological analysis.36, 38, 40, 41, 59 It is difficult to evaluate the 
measurement technique of interest in an adequate way when the measurement properties of 
the comparator instrument are not known or uncertain. Moreover, the problem with histology 
is that many different characteristics of a biopsy sample can be analyzed, such as the level of 
viable versus thrombosed blood vessels (i.e. microvascular injury), the presence of collagen 
changes or level of collagen damage, and the extent of tissue damage (i.e. percentage of dermis 
thickness destroyed). The selected characteristic for analysis appears to vary between burn 
centers and may depend on the experience of the local pathologist or analyst. As a result, each 
characteristic provides specific information on the depth of a burn wound and may therefore 
be assigned as a single subconstruct. Therefore, choosing histology as comparator instrument 
can be relevant, but to draw conclusions about validity, it is necessary to describe the precise 
characteristic/subconstruct that is assessed.
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 Another reason why some studies received a fair or poor score is because we noticed that 
the given results were not calculated in an adequate manner. In one study on thermography, the 
raw data were presented in the manuscript, allowing us to recalculate the presented sensitivity, 
specificity, PPV, and NPV, leading to different results as presented in the original article (see 
Table 4).47 In another study, it was possible to calculate the correlations between histology 
and static, active, and active-dynamic imaging, besides the area under the ROC curves that 
were already established, resulting in an altered conclusion (see also Table 4).35 The minimum 
requirement is to calculate the sensitivity and specificity for dichotomous scores, and the 
correlation or AUC for continuous scores. However, the difficulty with sensitivity and specificity 
within the assessment of burn wounds is: what is defined as a ‘positive condition’ and as a 
‘positive test’? This can easily be interchanged, as evidenced by some included studies in this 
review.16, 32, 45, 55 It is considered here that a positive condition is generally stated as ‘having the 
disease’. When this is translated into burn wound depth or healing potential, we conclude 
that burn wounds that do not heal or have a healing potential >21 days (or >14 days if this is 
the preferred cut-off point), should be defined as a positive condition, thereby reflecting the 
situation with the worst outcome. On the contrary, burn wounds with a healing potential <21 
days (or <14 days) are defined as a negative condition. Furthermore, a positive test confirms the 
condition. For example in LDI, a positive test can be reflected by measuring less than 200 PU, 
or in thermography, it can be reflected by a low ∆T (e.g. -2.0 degrees Celsius). As a result, the 
sensitivity (i.e. the true positive rate) is the proportion of positives that are correctly identified 
as such (i.e. the percentage of patients who are correctly identified as having the condition/
no healed burns by the measurement technique). The specificity (i.e. true negative rate) is the 
proportion of negatives that are correctly identified as such (i.e. the percentage of patients 
who are correctly identified by the measurement technique as not having the condition/healed 
burns). To be able to adequately compare clinical studies, it is of great importance that the 
interpretation and use of these terms becomes uniform.  
With regard to the construct to be measured in burn wound assessment, we would like to note 
the following. Depth and healing potential are frequently used interchangeably, whilst it seems 
that both terms comprise a different construct. Healing potential reflects the potential for 
re-epithelialization, which can be achieved by surviving keratinocytes or epidermal stem cells 
from the sweat ducts, hair follicles, and sebaceous glands (i.e. appendages in the dermis). 
As these appendages have a wealthy blood supply, it appears that blood flow is an adequate 
indicator to determine healing potential. On the other hand, burn wound depth seems more 
a reflection of the extent of tissue damage or necrosis of the skin or underlying tissues 
(e.g. the subcutis). For future research, it is important that studies provide an appropriate 
description or definition of which construct exactly is aimed to measure. When hypotheses 
are formulated about expected direction and magnitude of relations with other instruments, 
these comparator instruments should also be appropriately described. For example, if the 
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comparator instrument is histological analysis, which intends to assess burn wound depth, it 
should be described which subconstruct exactly it aims to measure. Accordingly, the relation 
between the measured constructs can be ascertained. 
Regarding future developments, it is considered that it might be useful to apply two 
measurement techniques at the same time to acquire more information on burn wound depth 
or healing potential than when using a single technique. One study reported on a dual imaging 
system consisting of optical coherence tomography and pulse-speckle imaging (OCT and PSI), 
measuring the birefringence property of collagen and perfusion, respectively. In this way, by 
measuring two subconstructs, the validity of burn wound assessment may further improve. The 
authors showed improved results (AUC 0.85) compared to the individual modalities (PSI: AUC 
0.78; OCT: AUC 0.62).39 It would be interesting to progressively find out if fusion of information 
across different measurement techniques can improve the sensitivity and specificity of 
assessing burn wound depth or healing potential.
CONCLUSIONS
On the basis of the quality of various studies evaluating measurement techniques for the 
assessment of burn wounds, it appears that LDI is the most promising technique; thereby 
assessing burn wound healing potential. However, we recommend testing the reliability of LDI 
to a greater extent. Furthermore, it would be appropriate to select one or two measurement 
techniques that have the potential to be used in the future, and to further develop and evaluate 
these techniques. This may depend on the access and expertise in a specific burn center. We 
would like to underpin the importance of extensive testing of a technique’s measurement 
properties by using adequate outcome parameters and determining the measurement error. In 
addition, it is underscored that new studies need to develop uniform construct definitions or at 
least provide a precise description of which construct exactly is aimed to measure. This could 
lead to improved quality of studies on measurement techniques for burn wound assessment 
and finally improve burn care. 
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APPENDIX A: SEARCH STRATEGY PER DATABASE
PubMed
(“Burns”[Mesh] OR burn[tiab] OR burns[tiab] OR scald*[tiab] OR postburn*[tiab] OR (thermal[tiab] 
AND injur*[tiab])) AND (“Monitoring, Physiologic”[Mesh] OR “Perfusion Imaging”[Mesh:noexp] 
OR monitoring[tiab] OR imaging[tiab] OR mapping[tiab] OR measurement*[tiab] OR 
measuring[tiab] OR assess[tiab] OR assessment[tiab] OR assessments[tiab] OR assessing[tiab] 
OR diagnos*[tiab]) AND (“Regional Blood Flow”[Mesh] OR “Oximetry”[Mesh] OR “Oxygen/
blood”[Mesh] OR “blood supply”[Subheading] OR perfusion[tiab] OR depth[tiab] OR healing 
potential[tiab])
EMBASE
(‘burn’/exp OR burn:ab,ti OR burns:ab,ti OR scald*:ab,ti OR postburn*:ab,ti OR (thermal:ab,ti 
AND injur*:ab,ti)) AND (‘physiologic monitoring’/de OR ‘scintigraphy’/exp OR monitoring:ab,ti 
OR imaging:ab,ti OR mapping:ab,ti OR measurement*:ab,ti OR measuring:ab,ti OR assess:ab,ti 
OR assessment:ab,ti OR assessments:ab,ti OR assessing:ab,ti OR diagnos*:ab,ti) AND (‘blood 
flow’/de OR ‘organ and tissue blood flow’/exp OR ‘capillary flow’/exp OR ‘oximetry’/exp OR 
‘blood supply’:ab,ti OR perfusion:ab,ti OR depth:ab,ti OR ‘healing potential’:ab,ti)
Electronic search strategy (Cochrane Library)
((“blood supply” or perfusion or depth or “healing potential”) and (monitoring or imaging or 
mapping or measurement* or measuring or assess or assessment or assessments or assessing 
or diagnos*) and (burn or burns or scald* or postburn* or (thermal and injur*))):ab,ti,kw
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APPENDIX B. ADJUSTED COSMIN CHECKLIST WITH 4-POINT SCALE
Box B. Reliability: relative measures (including test-retest reliability, inter-rater reliability and intra-rater 
reliability)
excellent good fair poor
Design requirements
1 Was the sample size 
included in the analysis 
adequate?
Adequate sample 
size (≥100)
Good sample size 
(50-99)
Moderate sample 
size (30-49)
Small sample size 
(<30)
2 Were at least two 
measurements available?
At least two 
measurements
Only one 
measurement
3 Were patients stable in 
the interim period on the 
construct to be measured? 
Patients were 
stable (evidence 
provided)
Assumable that 
patients were 
stable
Unclear if patients 
were stable
Patients were NOT 
stable
4 Was the environment stable 
for both measurements? 
(e.g. temperature, humidity)
Environment was 
stable (evidence 
provided)
Assumable that 
environment was 
stable
Unclear if 
environment was 
stable
Environment was 
NOT stable
5 Were the settings of the 
measurement tool stable? 
(e.g. distance to the burn 
wound, calibration, protocol/
instruction)
Settings were 
similar (evidence 
provided)
Assumable that 
settings were 
similar
Unclear if settings 
were similar
Settings were NOT 
similar
6 Were there any important 
flaws in the design or 
methods of the study?
No other important 
methodological 
flaws in the design 
or execution of the 
study
Other minor 
methodological 
flaws in the design 
or execution of the 
study
Other important 
methodological 
flaws in the design 
or execution of the 
study
Statistical methods
7 For continuous scores: Was 
an intraclass correlation 
coefficient (ICC) calculated?
ICC calculated and 
model or formula 
of the ICC is 
described
ICC calculated but 
model or formula 
of the ICC not 
described or not 
optimal.
Pearson or 
Spearman 
correlation 
coefficient 
calculated with 
evidence provided 
that no systematic 
change has 
occurred
Pearson or 
Spearman 
correlation 
coefficient 
calculated 
WITHOUT evidence 
provided that no 
systematic change 
has occurred or 
WITH evidence that 
systematic change 
has occurred
No ICC or Pearson 
or Spearman 
correlations 
calculated
8 For dichotomous/nominal/
ordinal scores: Was kappa 
calculated?
Kappa calculated Only percentage 
agreement 
calculated
9 For ordinal scores: Was a 
weighted kappa calculated?
Weighted Kappa 
calculated
Unweighted Kappa 
calculated
Only percentage 
agreement 
calculated
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Box C. Measurement error: absolute measures
excellent good fair poor
Design requirements
1 Was the sample size 
included in the analysis 
adequate?
Adequate sample 
size (≥100)
Good sample size 
(50-99)
Moderate sample 
size (30-49)
Small sample size 
(<30)
2 Were at least two 
measurements available?
At least two 
measurements
Only one 
measurement
3 Were patients stable in 
the interim period on the 
construct to be measured? 
Patients were 
stable (evidence 
provided)
Assumable that 
patients were 
stable
Unclear if patients 
were stable
Patients were NOT 
stable
4 Was the environment stable 
for both measurements? 
(e.g. temperature, humidity)
Environment was 
stable (evidence 
provided)
Assumable that 
environment was 
stable
Unclear if 
environment was 
stable
Environment was 
NOT stable
5 Were the settings of the 
measurement tool stable? 
(e.g. distance to the 
burn wound, calibration, 
protocol/instruction)
Settings were 
similar (evidence 
provided)
Assumable that 
settings were 
similar
Unclear if settings 
were similar
Settings were NOT 
similar
6 Were there any important 
flaws in the design or 
methods of the study?
No other important 
methodological 
flaws in the design 
or execution of the 
study
Other minor 
methodological 
flaws in the design 
or execution of the 
study
Other important 
methodological 
flaws in the design 
or execution of the 
study
Statistical methods
7 Was the Standard Error 
of Measurement (SEM) or 
Limits of Agreement (LoA) 
calculated?
SEM or LoA 
calculated
Possible to 
calculate LoA from 
the data presented
SEM calculated 
based on 
Cronbach’s alpha, 
or on SD from 
another population
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Box F. Hypotheses testing / Construct validity
excellent good fair poor
Design requirements
1 Was the sample size 
included in the analysis 
adequate?
Adequate sample 
size (≥100 per 
analysis)
Good sample 
size (50-99 per 
analysis)
Moderate sample 
size (30-49 per 
analysis)
Small sample size 
(<30 per analysis)
2 Were hypotheses regarding 
correlations or mean 
differences formulated 
a priori (i.e. before data 
collection)?
Multiple 
hypotheses 
formulated a priori
Minimal number 
of hypotheses 
formulate a priori
Hypotheses vague 
or not formulated 
but possible to 
deduce what was 
expected
Unclear what was 
expected
3 Was the expected direction 
of correlations or mean 
differences included in the 
hypotheses?
Expected direction 
of the correlations 
or differences 
stated
Expected direction 
of the correlations 
or differences NOT 
stated
4 Was the expected absolute 
or relative magnitude 
of correlations or mean 
differences included in the 
hypotheses? (e.g. >0.5 or 
>0.7 implies …)
Expected 
magnitude of the 
correlations or 
differences stated
Expected 
magnitude of the 
correlations or 
differences NOT 
stated
5 For convergent validity: Was 
an adequate description 
provided of the comparator 
instrument(s)? (i.e. histology, 
clinical evaluation, LDI, or 
observed healing)
Adequate 
description of 
the construct 
measured by 
the comparator 
instrument(s)
Moderate 
description of 
the construct 
measured by 
the comparator 
instrument(s)
Poor description 
of the construct 
measured by 
the comparator 
instrument(s)
NO description 
of the constructs 
measured by 
the comparator 
instrument(s)
6 For convergent validity: 
Were the measurement 
properties of the comparator 
instrument(s) adequately 
described? (i.e. reliability 
and validity)
Adequate 
information on 
measurement 
properties of 
the comparator 
instrument(s) 
Moderate 
information on 
measurement 
properties (or 
a reference 
to a study on 
measurement 
properties) of 
the comparator 
instrument(s) 
Some/scarce 
information on 
measurement 
properties of 
the comparator 
instrument(s) 
No information on 
the measurement 
properties of 
the comparator 
instrument(s)
7 Were there any important 
flaws in the design or 
methods of the study?
No other important 
methodological 
flaws in the design 
or execution of the 
study
Other minor 
methodological 
flaws in the design 
or execution of the 
study 
Other important 
methodological 
flaws in the design 
or execution of the 
study
Statistical methods
8 Were design and statistical 
methods adequate for the 
hypotheses to be tested?
Statistical methods 
applied appropriate
Assumable that 
statistical methods 
were appropriate, 
e.g. Pearson 
correlations 
applied, but 
distribution of 
scores or mean 
(SD) not presented
Statistical methods 
applied NOT 
optimal
Statistical methods 
applied NOT 
appropriate
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For continuous scores: Were 
correlations, or the area 
under the receiver operating 
curve calculated?
Correlations or 
AUC calculated
Correlations 
or AUC NOT 
calculated
For dichotomous scores: 
Were sensitivity and 
specificity determined?
Sensitivity 
and specificity 
calculated
Sensitivity and 
specificity NOT 
calculated
Note: Questions 1-4 were not included in the final score of box F, as we defined hypotheses about expected 
results.
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CHAPTER 4 
New insights into the use of  
thermography to assess burn wound 
healing potential: a reliable and valid 
technique when compared to laser  
Doppler imaging
“Seeing is in some 
respect an art, which 
must be learnt”  
(William Herschel)
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ABSTRACT
Adequate assessment of burn wounds is crucial in the management of burn patients. 
Thermography, as a non-invasive measurement tool, can be utilized to detect the remaining 
perfusion over large burn wound areas by measuring temperature, thereby reflecting the 
healing potential (i.e. number of days that burns require to heal). The objective of this study 
was to evaluate the clinimetric properties (i.e. reliability and validity) of thermography for 
measuring burn wound healing potential. To evaluate reliability, two independent observers 
performed a thermography measurement of 50 burns. The intraclass correlation coefficient 
(ICC), the standard error of measurement (SEM) and limits of agreement (LoA) were calculated. 
To assess validity, temperature differences between burned and non-burned skin (ΔT) were 
compared to the healing potential found by laser Doppler imaging (serving as the reference 
standard). By applying a visual method, one ΔT cut-off point was identified to differentiate 
between burns requiring conservative versus surgical treatment. The ICC was 0.99, expressing 
an excellent correlation between two measurements. The SEM was calculated at 0.22°C, the 
LoA at -0.58°C and 0.64°C. The ΔT cut-off point was -0.07°C (sensitivity 80%; specificity 80%). 
These results show that thermography is a reliable and valid technique in the assessment of 
burn wound healing potential.
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INTRODUCTION
Adequate assessment of burn wound healing potential is crucial in the management of burn 
patients. Clinical (subjective) evaluation is the most widely used method for determining the 
expected burn wound outcome. This type of assessment is based on the probability that a 
wound will heal spontaneously (<3 weeks) or requires surgical therapy. This distinction in 
healing time is made, as wounds with a low healing potential (>3 weeks) are correlated with 
a significantly lower scar quality.1, 2 Thus, underestimation of the healing time may lead to 
an increased risk of pathological scar formation, whereas overestimation of the healing time 
may increase the amount of needless surgery. It is easy to identify the mild injury of sunburn 
or to discern the other extreme: a dry, inelastic, insensitive, cadaveric-appearing wound that 
reflects serious injury to the skin. However, when a burn wound is first evaluated it is often 
difficult to determine the subtle differences and its potential to heal. Accordingly, clinical 
evaluation is not always sufficient as it is accurate in only 70% of the cases.3 This accuracy is 
even lower for inexperienced surgeons, around 50%.4, 5 Therefore, objective tools that improve 
the assessment of burn wound healing potential are of great relevance. 
 Currently, Laser Doppler Imaging (LDI) is the most widely used non-invasive measurement 
tool for the assessment of burn wounds and the only technique that has been approved by the 
US Food and Drug Administration. The working mechanism of LDI is based on the Doppler 
principle. Laser light that is directed at moving erythrocytes in sampled tissue exhibits a 
frequency change that is proportional to the amount of perfusion in the tissue. A lower perfusion 
correlates with a lower healing potential and thus a more severe burn wound.6 LDI is a valid 
measurement tool, providing >95% accuracy (compared to histology, clinical assessment and/
or outcome) in measuring burn wound healing potential, if scanning is performed between 48 
hours and 5 days post burn.7-9 However, the use of LDI is accompanied by some disadvantages. 
The current commercial device available for clinical use is rather costly and cumbersome. 
Positioning, scanning and evaluating an area of 50 x 50 cm can take several minutes. 
Furthermore, it is important that the patient remains still during imaging, since any movement 
will result in scanning artefacts. This can be a challenging process, especially in children. 
 Thermography, or thermal imaging, is a non-invasive measurement technique based 
on the burn wound temperature as an indicator of its prognosis.10 Due to the fact that the 
vascular perfusion is destroyed in severe burn wounds, they tend to be colder than healthy 
skin. Adversatively, in less severe burns with an expected healing time <14 days, the perfusion 
is mainly intact. Due to loss of the epidermal layer in these burns, the existing hyperaemia is 
measurable at the surface. As a result, a higher temperature than healthy skin will be assessed. 
These hypothesis were described by Hackett in 1974, who performed one of the largest studies 
on thermography in burn patients.11 Over the years, thermal cameras have evolved and 
refined, allowing real-time infrared imaging and detection of temperature differences as small 
as 0.05°C. Thermal images of large areas can be captured within seconds. In addition, the 
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cameras have recently become less expensive (< $800) and are small and easy to use. These 
characteristics make thermography applicable in routine clinical practice. Accordingly, the 
technique has regained attention with promising results.12-14 However, before implementing 
a measurement tool in clinical practice, it is essential to test its clinimetric properties 
(i.e. reliability and validity).15, 16 Until now, no clinimetric evaluation has been performed on 
thermography in burns. Therefore, the objective of this study was to assess the reliability and 
validity of thermography for measuring burn wound healing potential. 
Figure 1. Schematic overview of the MoorLDI2-Burn system. Single point imaging scans a laser beam 
back and forth across the tissue. Laser light penetrates the skin and is scattered by moving blood cells 
that cause Doppler frequency shifts, which are processed to produce a color coded blood flow map. The 
scan speed is 4ms/pixel. An in built CCD camera records a clinical color photograph at the same time to 
aid visualization of the scanned area. Source: from Moor LDI2-BI user manual.
MATERIAL AND METHODS
Study population
Consecutive patients, age ≥ 18 years, with acute burn wounds were included from July 2014 
until May 2015. Unconscious patients (due to a large total body surface area burned) were 
not included as they were not able to give informed consent. In addition, we did not include 
patients with a suspected wound infection. The required sample size in this clinimetric 
study was estimated at 50 burn wounds, based on a 95% confidence interval (CI) of 0.1.15 
Measurements were performed in the Red Cross Hospital in Beverwijk, the Netherlands, 
either at the outpatient clinic or during admission at the Burn Center. The regional Medical 
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Ethics Committee approved the study protocol (reference number: M014-002) and agreed that 
this study did not fall under the scope of the Medical Research involving Human Subjects Act 
because patients were not subjected to specific actions, and/or were not dictated to activities 
as stated in the Medical Research involving Human Subjects Act. However, according to the 
Declaration of Helsinki, written informed consent was obtained from all patients. 
Reference standard / Laser Doppler Imaging 
Of every burn wound, one LDI measurement was acquired to obtain a reference value. LDI 
measurements were performed using the MoorLDI2-Burn ImagerTM (Moor Instruments, 
Axminster, United Kingdom) with a wavelength of 785 nm. The moor LDI-Burn software version 
V3.0 was used for the analysis. The Moor LDI2 Imager contains a CCD camera with 2592 x 1944 
pixel resolution. The spatial resolution is up to 256 x 256 pixels: 0.2 mm/pixel at 20 cm and 2 
mm/pixel at 100 cm (camera distance to the scanned area). The bandwidth was 250Hz-15kHz. 
Measurements were obtained between 48 hours – 5 days post burn according to the guidelines. 
LDI is based on the principle that moving red blood cells cause a Doppler frequency shift of the 
laser light (Figure 1), which is photodetected and processed to generate a line by line color-
coded map. These maps are color-coded using red, yellow, and blue related to the ‘flux’ range 
(i.e. perfusion), corresponding to the healing potential (HP) of a burn wound (<14 days, 14-21 
days or >21 days) (Figure 2).17 
Figure 2. LDI color codes reflecting different burn wound healing potentials (HP). The color codes are 
based on ‘flux’ (i.e. perfusion) values, expressed in perfusion units (PU). Blue: HP >21 days; 0-200 PU. 
Yellow: HP 14-21 days; 260-440 PU. Red: HP <14 days; >600 PU. Source: adapted from Moor LDI2-BI user 
manual.
In burn medicine, these are the accepted cut-off days because they are important for clinical 
decision making, and for predicting the risk of scar formation. Besides the three principle 
colors, also a certain amount of green and pink may be present on the LDI scan, but in this 
study we only assigned a measurement area to a specific healing category if >75% of the ‘flux’ 
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value consisted of red, yellow or blue. A thorough explanation on the validation of the color 
codes is described elsewhere.17, 18 
Thermography system
In order to obtain thermal images, the Xenics Gobi-384 (Xenics NV, Leuven, Belgium) was 
used. This is a compact plug-and-play infrared camera system with a spectral bandwidth of 
8-14 µm. The camera contains an on board Digital Signal Processor, allowing for real-time 
image analysis (Xeneth software, Xenics NV, Leuven). The resolution of the system is 384 x 
288 pixels with maximum frame rates of 84 Hz. The maximum imaging time of each burn 
wound was 60 seconds. For the analysis, we took one frame from each video clip at 15 f/s. 
Since we performed static thermography measurements, no temperature alterations within 
one video clip were observed. The device is able to detect temperature differences as small 
as 0.05°C. No direct contact with the skin is required. Thermography measurements were 
performed subsequent to the LDI measurement, after the burn wound had been cleaned 
with warm water and residual topical ointment was removed. To minimize the effect of warm 
water on the skin temperature, we allowed patients to acclimatize for 10 minutes to stable 
room temperature (23°C). We assured that the wounds were dry to prevent lower temperature 
measurements due to evaporative heat loss.19 In addition, heat lamps that normally prevent 
warmth loss during the bandage change were turned off for the purpose of this study. Also, 
the ambient temperature was kept stable by the continuous air flow and climate control that 
is provided at the Burn Center. All thermography results were expressed as ∆T (°C), indicating 
the temperature difference between burned and non-burned skin. The non-burned site was 
located ± 5 cm proximally to the burn wound (Figure 3B). The displayed thermography colors 
concern the ‘iron palette’.  
Study procedure
Reliability
In order to assess the inter-observer reliability, two independent observers obtained a 
thermography measurement (i.e. temperature video) of each burn wound. Subsequently, the 
thermography videos were analyzed crosswise: both observers performed a temperature 
analysis of the video obtained by the other observer. This procedure was preferred because 
someone else than the person obtaining the video may perform the temperature analysis 
in clinical practice. Both observers assessed a homogeneous area within each burn wound, 
which was indicated on a normal photograph. To determine the reliability, we used ∆T of both 
analyses.
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Figure 3. Illustration of the study procedure to assess validity. (a) Normal photograph of a heterogeneous 
burn wound: HP >21 days in the center and HP <14 days around. (b) Thermography image with the 
standardized algorithm containing five measurement areas, and the reference area consisting of non-
burned skin located ± 5 cm proximally to the burn wound, indicated by the letter A. The displayed colors 
concern the ‘iron palette’. (c) LDI scan covering the three colors expressing different healing potentials, 
accompanied by the standardized algorithm.
Validity
The validity was assessed by comparing the thermography results with the LDI results (Figure 
3). Within one frame of the thermography video and on the LDI color coded map, measurement 
areas (~ ø 1 cm) were selected following a standardized algorithm as described by Verhaegen 
et al.20 In this way, selection bias of the measurement areas was prevented. Moreover, if we 
selected burn wounds as a whole, temperature differences would have been leveled out because 
of the heterogeneous aspect (i.e. different healing potentials) of the wounds. Anatomical 
landmarks were taken into account to retrieve exactly the same measurement areas in the 
LDI and thermography image. In certain burn wounds, the number of measurement areas 
was restricted due to the small size of the wound. This led to 2-5 measurement areas per 
burn wound. The validity was obtained by correlating the LDI color code of each measurement 
area to the associated ΔT of this measurement area. Thus, we assessed the ability of ∆T to 
distinguish between different burn wound healing potentials. For the validity analysis, the ∆T 
value of the first thermography measurement was used. 
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Statistical analysis
Data were analyzed using SPSS, Version 21.0 (IBM Corp. Armonk, NY). General patient 
characteristics were documented. The inter-observer reliability was expressed by the intraclass 
correlation coefficient (ICCinter).
21 The ICCinter was calculated using three variance components, 
obtained by a random-effects model (ANOVA analysis).15, 21 Variance is the statistical term that 
is used to indicate variability. 
•  Patient variance (σ2pat): variance due to systematic differences between ‘true’ scores of 
patients.
•  Observer variance (σ2obs): variance due to systematic differences between observers.
•  Random error variance (σ2error):  residual variance, partly due to the unique combination of 
patients and observers, and in addition to some random error. 
The ICCinter is the ratio between the patient variance and total variance: ICC = σ
2
pat/(σ
2
pat+ σ
2
obs + 
σ2error). An ICC value of 0.7 was considered as a minimum requirement for acceptable results.
15 
Furthermore, two parameters of the measurement error were calculated; the standard error 
of measurement (SEM) and the Limits of Agreement (LoA). These parameters are expressed 
on the actual scale of measurement. The SEM was obtained using the formula: SEM = √ (σ
2
obs 
+ σ2error). This leads to LoA of: mean difference ± 1.96 x SEM x √2.
15, 21 By definition, 95% of 
the differences between two measurements lie between these LoA. The LoA were indicated 
in a Bland and Altman plot, representing the absolute agreement between two temperature 
measurements.22 In this plot, the mean ∆T of the two measurements was plotted on the x-axis, 
against the difference between the ∆T values on the y-axis.22 
 To assess the validity, we compared the LDI color categories (ordinal scale) to the ∆T 
values (continuous scale) by ANOVA analysis. We used receiver operating characteristic (ROC) 
curves to determine the ability of thermography to discriminate between burn wound healing 
potentials. In these curves, the true positive rate (sensitivity) is plotted against the false positive 
rate (1-specificity). The area under the ROC curve can be calculated and is a measure of how 
well ΔT can discriminate between the burn wound healing potentials expressed by LDI. The 
area under the ROC curve has a maximum value of 1.0; a value of 0.5, represented by the 
diagonal, means that the measurement instrument under study (i.e. thermography) cannot 
distinguish between burn wound healing potentials.15 Finally, the distribution of burn wounds 
on ΔT was expressed using a visual method and one optimal ΔT cut-off value was determined 
with maximum sensitivity and specificity.23 We did this for the distinction between burn wounds 
that heal spontaneously (HP <14 days and HP 14-21 days combined) and burn wounds that 
require surgical treatment (HP >21 days).
14
THERMOGRAPHY TO ASSESS BURN WOUND HEALING POTENTIAL
91
RESULTS 
Patient and burn wound characteristics
Fifty burn wounds of 35 patients (Caucasians) were measured. Patient and burn wound 
characteristics are presented in Table 1. Median burn wound size was 2% total body surface 
area (TBSA), ranging from 0.5% to 12%. At the time of assessment, burn wounds were managed 
using three different topical ointments: 35 (70%) wounds were treated by Flamazine, 14 (28%) 
by Flaminal® and 1 (2%) by Fucidin®. 
Table 1. Patient and burn wound characteristics.
Value, N %
Burn wounds
- Patients
50
35
Sex
- Male
- Female
20
15
57%
43%
Age of patient, years
Median (range) 45 (18-81)
Assessment, post burn day
Median (range) 3 (2-5)
Cause of burn wound
- Flame
- Scald
- Contact
- Chemical
17
24
5
4
34%
48%
10%
8%
Burn wound location
- Trunk
- Arms
- Legs
11
20
19
22%
40%
38%
Reliability
All 50 burn wounds were included for the reliability analysis. The variance components were 
assessed at 5.09 (patients), 0.00 (observers) and 0.05 (error). By means of these components, 
the ICCinter was found to be 0.99, expressing the correlation between the ∆T scores of two 
measurements. Subsequently, the SEM was calculated at 0.22°C (√(0.00+0.05)). In addition, the 
lower LoA was assessed at -0.58°C and the upper LoA at 0.64°C, in view of the fact that the 
mean difference was 0.03°C. The LoA were plotted to indicate the absolute agreement between 
two measurements (Figure 4). 
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Figure 4. Bland and Altman plot with the limits of agreement (continuous lines), indicating the absolute 
agreement between two measurements. Note that the mean difference (dotted line) is nearly zero, 
indicating that there is no systematic difference between two measurements.
Validity
To assess the validity of thermography, we assigned 179 measurement areas in the same 50 
burn wounds according to the standardized algorithm. The distribution of measurement areas 
and the mean ΔT value of all measurement areas within each burn wound category is given in 
Table 2. 
Table 2. Number of measurement areas and mean ΔT values for each burn wound category, assessed by 
means of LDI.
HP <14 days HP 14-21 days HP >21 days p-value
Measurement areas, N (%) 77 (43%) 39 (22%) 63 (35%)
Mean ΔT, °C  (95% CI) 1.97 (1.59 − 2.36) 0.14 (-0.22 − 0.50) -1.40 (-1.78 − -1.03) <0.001*
HP, healing potential; * ANOVA analysis
Two ROC curves were obtained to determine how well ΔT can differentiate between the three 
LDI categories and thus between the different burn wound outcomes. The estimated mean 
(±SE) area under the ROC curve for thermography was 0.82±0.04 (95% CI 0.74−0.89) for the 
discrimination between burn wound HP <14 days and HP 14-21 days, and 0.80±0.04 (95% CI 
0.72−0.89) for the discrimination between burn wound HP 14-21 days and HP >21 days. One ΔT 
cut-off value with maximum sensitivity and specificity was obtained that differentiates between 
all burn wounds that will heal spontaneously (HP <14 days and HP 14-21 days) and burn 
wounds that require surgical treatment (HP >21 days). The optimal cut-off point was -0.07°C 
(sensitivity 80%; specificity 80%), as illustrated in Figure 5.
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Figure 5. Visual method expressing the distribution on ∆T of all burn wounds with HP ≤ 21 days (HP <14 
and HP 14-21 combined) versus HP >21 days. The dotted line shows the optimal cut-off point of -0.07°C 
according to the ROC analysis based on the normal distribution curves.
DISCUSSION
The objective of this study was to assess the reliability and validity of thermography for 
measuring burn wound healing potential. The ICCinter of 0.99 corresponds to a very high 
correlation between two temperature measurements, indicating an excellent reliability. 
However, the ICC is only a measure of correlation but it does not provide any information on 
the measurement error.21 Therefore, two parameters of the measurement error were obtained: 
the absolute agreement between two measurements, expressed by the LoA, and the SEM. An 
important advantage of these parameters is that they are expressed on the actual scale of 
measurement (°C), which promotes clinical interpretation.21 The SEM was calculated at 0.22°C, 
which reflects the standard deviation around a single measurement. The LoA are based on this 
SEM value: LoA = mean difference ± 1.96 x SEM x √2. To guarantee that a ΔT change is unlikely 
to be due to the measurement error a significance level of 0.05 is used, which corresponds to 
1.96. The LoA of -0.58°C and 0.64°C show an acceptable variation in two ΔT measurements. To 
our knowledge, these are important findings since the reliability and agreement parameters of 
thermography have not been defined in prior research on burn wounds. When obtaining serial 
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thermal measurements on consecutive post burn days for example, it is of great importance 
that the instrument is able to perform repeated measurements that are free from measurement 
error.21 Moreover, by determining the agreement between two measurements, one can decide 
whether or not the values of different observers can be used interchangeably.21 Two factors 
may have contributed to the good reliability results. First, the highly sensitive thermal camera, 
the Xenics Gobi 384, which allows detection of temperature differences as small as 0.05°C. 
Secondly, a short time interval between two measurements was chosen to ascertain that a 
stable population was assessed. 
 Next to reliability, we performed a validity analysis of thermography. Although this can be a 
difficult process (e.g. because of the required sample size or for the reason that it is challenging 
to select an accurate reference standard), we emphasize that it is of great importance to assess 
this clinimetric feature before the implementation of a measurement tool in clinical practice 
is considered. A recent study only examined the accuracy of thermography by calculating the 
correlation coefficient.24 Moreover, their accuracy was based on a study population of 20 patients. 
As a result, the two most important subgroups (i.e. burn wounds that healed in 14-21 days and 
burn wounds that took >21 days to heal) consisted of only 2 and 5 patients, respectively. In the 
current study, the validity of thermography was assessed using ROC curves. These curves 
express how well a ΔT value can distinguish between different burn wound healing potentials. 
Both areas under the ROC curve of 0.82 and 0.80 express a good discriminative value of ΔT for 
measuring burn wound HP. Subsequently, a ΔT cut-off value with corresponding maximum 
sensitivity and specificity was determined. This value is important for the use of thermography 
in clinical practice and has previously only been determined in an animal experiment or in a 
small number of (paediatric) burn patients.13, 14 We obtained an optimal ΔT cut-off value of 
-0.07°C, differentiating between all burn wounds that are expected to heal and can primarily 
be treated conservatively (HP <14 days and HP 14-21 days), and burn wounds that require 
surgical treatment (HP >21 days). If the burn wound healing potential is >21 days, one can 
decide to accelerate the intervention (i.e. excision and skin grafting). These results are in line 
with previous research by Singer et al. who found a cut-off value of 0.1°C, which was rounded 
to 0°C for simplification.25 The 80% sensitivity and 80% specificity associated with our cut-off 
value are good, but we think that these values can be improved. 
 We encountered a few drawbacks in this study that may explain the validity results. 
Images obtained by LDI did not correspond 1:1 with the thermography images, as the 
thermography camera was sometimes positioned at a slightly different angle or distance. 
This made it more difficult to correlate the exact same measurement areas, even though we 
applied the standardized algorithm on both thermography and LDI images. Especially within 
heterogeneous burn wounds, this may have impaired the results. Furthermore, a relatively 
high number of ΔT values observed in the distal extremities (hands and feet) tend to differ from 
what is expected based on the LDI results. Our hypothesis is that the temperature variation in 
distal extremities results in a ΔT which is influenced by the anatomical location rather than 
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the burn wound.26 Unfortunately, the amount of burns on distal extremities was too small in 
our study to perform an acceptable subgroup analysis (8/50 burn wounds). In these 8 patients, 
no clear tendency was found. Thirdly, standard subjective burn wound assessment by our burn 
clinicians was not taken into account in this study. As with the use of LDI in daily practice, 
we think that the combination of thermography with subjective assessment (i.e. an add-on 
test) will result in even better validity.8, 27 Furthermore, new hand-held thermography cameras 
(including smart phone application) became available over the last months that are able to 
capture a thermal reading and standard picture at the same time.28 The system subsequently 
blends both images, providing evaluation of the exact burn wound area of interest. It would be 
interesting to examine these new camera’s and to conduct a prospective study determining 
burn wound healing potential using the given ΔT cut-off value.
CONCLUSION
In this article, the first clinimetric evaluation of thermography for measuring burn wound 
healing potential was performed. We conclude that thermography has a good reliability, as 
indicated by the high ICCinter of 0.99 and the fact that there was no systematic difference between 
two measurements. Moreover, we obtained an optimal ΔT cut-off value of -0.07°C associated 
with 80% sensitivity and 80% specificity, which leads to a good validity in the assessment of 
burn wounds. These are important findings in the search for measurement tools that can 
improve treatment decisions and therefore the outcome of burns. In addition, thermography is 
an affordable and very suitable technique, allowing easy and fast measurements. Our findings 
encourage further research into thermography and emphasize that this this technique may 
become a new gold standard in the clinical assessment of burn wounds in the future.  
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CHAPTER 5 
The FLIR ONE thermal imager  
for the assessment of burn wounds:  
reliability and validity study
“In order to implement  
a measurement tool  
in clinical practice,  
it must be at least  
as feasible as valid”  
(dit proefschrift)
CHAPTER 5
100
ABSTRACT
Background: Objective measurement tools may be of great value to provide early and reliable 
burn wound assessment. Thermal imaging is an easy, accessible and objective technique, 
which measures skin temperature as an indicator of tissue perfusion. These thermal images 
might be helpful in the assessment of burn wounds. However, before implementation of a novel 
measurement tool into clinical practice is considered, it is appropriate to test its clinimetric 
properties (i.e. reliability and validity). The objective of this study was to assess the reliability 
and validity of the recently introduced FLIR ONE thermal imager. 
Material and Methods: Two observers obtained thermal images of burn wounds in adult 
patients at day 1-3, 4-7 and 8-10 post-burn. Subsequently, temperature differences between 
the burn wound and healthy skin (∆T) were calculated on an iPad mini containing the FLIR 
Tools app. To assess reliability, ∆T values of both observers were compared by calculating the 
intraclass correlation coefficient (ICC) and measurement error parameters. To assess validity, 
the ∆T values of the first observer were compared to the registered healing time of the burn 
wounds, which was specified into three categories: (I) ≤14 days, (II) 15-21 days and (III) >21 
days. The ability of the FLIR ONE to discriminate between healing ≤21 days and >21 days was 
evaluated by means of a receiver operating characteristic curve and an optimal ∆T cut-off 
value.
Results: Reliability: ICCs were 0.99 for each time point, indicating excellent reliability up to 
10 days post-burn. The standard error of measurement varied between 0.17-0.22°C. Validity: 
the area under the curve was calculated at 0.69 (95% CI 0.54-0.84). A cut-off value of -1.15°C 
shows a moderate discrimination between burn wound healing ≤21 days and >21 days (46% 
sensitivity; 82% specificity).
Conclusion: Our results show that the FLIR ONE thermal imager is highly reliable, but the 
moderate validity calls for additional research. However, the FLIR ONE is pre-eminently 
feasible, allowing easy and fast measurements in clinical burn practice.  
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INTRODUCTION
Clinical evaluation is still the most widely used method for the assessment of burn 
wound depth.1, 2 This method relies on subjective assessment of visual and tactile wound 
characteristics such as appearance, capillary refill and sensibility.3-5 However, previous studies 
have shown that the accuracy of clinical evaluation is limited, ranging from 50 to 70%.4-7 Not 
only the variation between (the experience of) different clinicians seems to play a role herein, 
also the extent of tissue damage seems difficult to assess visually in the early hours post-
burn.8 Therefore, objective techniques may be of great value to provide early and reliable burn 
wound assessment, also for general practitioners and/or at the emergency department of 
local hospitals where patients often receive first care. 
 Several techniques for objective burn wound assessment are based on the measurement 
of skin perfusion, as the burn wounds’ healing potential is strongly correlated to the level 
of microvascular blood flow in the remaining dermis.9 A long-standing technique is thermal 
imaging, which is based on the measurement of skin temperature as an indicator of tissue 
perfusion.10, 11 Thermal emission of the skin is captured by an infrared thermal imager, 
representing the temperature of the skin layers.12 When comparing burn wound temperature 
to an unaffected reference area (∆T), deep burns appear to be colder, which is likely due to 
reduced microvascular blood flow and/or loss of cellular metabolism in the necrotic tissue.  
Superficial burns are warmer due to epithelium loss, inflammation and edema.11, 13  
 Recently, our research group investigated the reliability and validity of thermography for 
measuring burn wound healing potential.14 In this study, a sensitivity and specificity of 80% was 
found for the distinction between burn wounds with a healing potential ≤21 days and >21 days. 
Moreover, in terms of reliability, the study showed a high Intraclass Correlation Coefficient 
(ICC) of 0.99, and an acceptable measurement error. These promising results encouraged us 
to perform additional research into thermography for burn wound assessment. 
 Last year, the FLIR ONE thermal imager (FLIR® Systems, Inc., Wilsonville, OR, USA) was 
introduced. This is a user-friendly device, because of its small size, low price and ease of 
use. The imager can be attached to iOS as well as Android tablets or smartphones, and the 
corresponding FLIR application allows analysis immediately after registration. Currently, 
low-end technology such as the FLIR ONE is becoming more important in healthcare as it is 
considered cost-effective, versatile and therefore widely applicable. In view of that, the FLIR 
ONE thermal imager could be a valuable tool to assist clinicians in the evaluation of burn 
wounds, not only in burn centers but also at peripheral emergency departments. 
 However, before implementation of a novel measurement tool into clinical practice is 
considered, it is appropriate to test its clinimetric properties (i.e. reliability and validity).15 
Reliability is defined as ‘the degree to which the measurement is free from measurement 
error’. This is an important property as it tells us something about the ability of a tool to provide 
reliable repeated measurements over time (test-retest), by different persons on the same 
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occasion (inter-rater), or by the same person on different occasions (intra-rater).16 Validation 
focuses on the scores produced by a measurement instrument in the specific situation in 
which it is tested. In the current study we will examine criterion validity, which is defined by 
the COSMIN panel as ‘the degree to which the scores of a measurement instrument are an 
adequate reflection of a gold standard’.16 However, a perfect gold standard seldom exists in 
practice, which also applies to burn wound care. Histological analysis is frequently considered 
the ‘gold standard’ and described as an objective technique, but it also reflects subjective 
interpretation of biopsy sections by the pathologist.2, 17 Moreover, the technique only examines a 
small and selected part of a burn wound, and the burn depth is described as anatomical depth, 
not necessarily correlating with functional loss. Furthermore, Laser Doppler imaging (LDI) 
could be considered as gold standard, which we used in our previous thermography study.14 
However, a drawback of LDI is that the accuracy outside the range of 2-5 days post-burn is not 
ascertained. As we intended to assess burn wounds between 1-10 days post-burn, we used the 
actual burn wound outcome (day of healing) as the reference standard to determine the validity. 
Hence, the aim of this study was to assess the reliability and validity of the FLIR ONE thermal 
imager in the evaluation of burn wounds. 
MATERIAL AND METHODS  
Patients
Patients with acute burns (≤10 days post-burn) of any size, age ≥18 years, were included 
between March and June 2016, while admitted to the Burn Center or visiting the outpatient 
clinic at the Red Cross Hospital in Beverwijk, the Netherlands. Patients with pre-existing 
vascular comorbidities and/or patients that were unable to give verbal informed consent (e.g. 
due to tracheal intubation) were excluded from participation in this study. The regional ethics 
committee of Noord-Holland, the Netherlands, approved the study protocol (reference number 
M016-001). Verbal informed consent was obtained from all patients and the principles outlined 
in the Declaration of Helsinki were followed.
FLIR ONE thermal imager
Thermal images were obtained using the FLIR ONE camera (FLIR Systems, Inc., Wilsonville, 
OR, USA) attached to an iPad mini (Apple, Inc., Cupertino, CA, USA) (Figure 1). The FLIR ONE 
weighs 30g and contains two cameras, a Lepton™ thermal sensor (160x120 pixels) and a visible 
VGA camera (640x480 pixels). Accordingly, two images are obtained that are merged by means 
of the Multi Spectral Dynamic Imaging (MSX) technology, resulting in one thermal image with 
a resolution of 640x480 pixels. The FLIR ONE camera has a scene range temperature of -20°C 
to 120°C and is able to detect temperature differences as small as 0.1°C. 
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Figure 1. Left: the FLIR ONE thermal imager, containing two cameras. Right: attached to an iPad mini, 
picturing an example of a thermographic image. Bright yellow refers to high temperatures, purple 
correlates with low temperatures (Iron color palette).
Measurement procedure
Two observers, a researcher and a nurse, subsequently made a FLIR ONE thermal photograph 
perpendicular to the burn wound, from a distance of 50-100 cm. Photographs were taken 
during dressing changes at the outpatient clinic or burn center, after the wound had been 
cleaned and dried. Heat lamps and other external heat sources were turned off to prevent 
incorrect measurements. Furthermore, thermometers were placed in the rooms where 
thermal photographs were obtained in order to measure and ensure stable room temperatures 
and humidity. The mean temperature at the outpatient clinic was 23.3°C (range 21.2-26.9) and 
at the burn center 23.4°C (19.8-24.8). The mean humidity was 55.2% (42.2-64.3). In a thermal 
photograph, not only the burn wound was captured, but we also included a corresponding 
reference area (healthy skin). The reference area was located ≥ 3 cm proximal to the burn 
wound. When the burn wound was located at a distal extremity (e.g. hands or feet), the 
uninjured contralateral side was chosen as the corresponding reference area. This procedure 
was followed because our previous thermography study showed significant temperature 
differences within the distal extremities. Thermal photographs were taken at three time points 
post-burn: day 1-3 (t1), day 4-7 (t2), and day 8-10 (t3). 
Thermal image analysis
Thermal images were analyzed in the FLIR Tools application on the iPad mini (Figure 2). The 
specific (circular) area of interest within the burn wound (i.e. most central region of Ø 3-10 
cm) as well as the corresponding reference area were predefined and outlined in the normal 
VGA photograph. In this way, selection bias caused by the temperature colors was avoided. 
Subsequently, two researchers (MJ and MC) analyzed all images, which took one minute 
per analysis. The FLIR Tools application allows for calculating the mean temperature in a 
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selected circle (Figure 2). The mean temperature of the burn wound was compared to the 
mean temperature of the reference area. The temperature difference between both areas was 
expressed as ΔT (°C) (Figure 2). To calculate the inter-observer reliability, we compared the ΔT 
value of both researchers. 
Figure 2. Illustration of the measurement method in the FLIR Tools application. Left: normal VGA 
photograph in which the area of interest within the burn wound as well as the reference area were 
predefined. Right: thermal and normal photograph combined (Iron color palette). The legends in the 
upper left corner show the maximal, minimum and mean temperature of circle 1 and 2, calculated by 
the application. The temperature difference (ΔT) between both circles was obtained by comparison of the 
circles’ mean temperature. 
Reference standard 
For each included burn wound, the actual day of healing (i.e. ≥ 95% epithelialization) was 
assessed by one of the burn surgeons. The day of healing was defined as the post-burn day 
when at least 95% of the studied wound was epithelialized.18 Using this assessment, burns 
were classified into one of the following healing categories: (I) ≤14 days, (II) 15-21 days and (III) 
>21 days, considering the day of the injury as 0. Burns treated surgically before post-burn day 
22 were categorized in the third healing category (>21 days). In order to assess the validity of 
the FLIR ONE for determining burn wound healing potential, the registered healing categories 
were compared to the obtained ΔT values. 
Statistical analysis 
Data were analyzed using SPSS, Version 21.0 (IBM Corp., Armonk, NY, USA).
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Reliability 
The reliability parameter expresses how well patients can be distinguished from each other 
despite the presence of measurement error.15 In this study, we examined the inter-observer 
reliability to see whether the scores of two observers can be used interchangeably. First, we 
calculated the intra-class correlation coefficient (ICCinter). Patient variance (σ
2pat), observer 
variance (σ2obs) and random error variance (σ2error) are included in the ICC formula: ICC = σ2pat/
(σ2pat + σ
2
obs + σ
2
error). These variances can be calculated through an analysis of variance (ANOVA), 
using a random-effects model.14, 15 An ICCinter value of 0.7 was considered as a minimum 
requirement for acceptable results.19 Additionally, two parameters of the measurement error 
were calculated. First, the standard error of measurement (SEM), which indicates how far apart 
the outcomes of repeated measurements are. The SEM can be calculated by the formula: SEM 
= √(σ2obs + σ
2
error). Second, the limits of agreement (LoA) were assessed, using the Bland and 
Altman method.20 This is a plot in which systematic errors can be easily illustrated. The mean 
ΔT value of two measurements was plotted on the x-axis against the difference between two 
ΔT values on the y-axis. The LoA can be calculated using the formula: LoA = mean difference ± 
1.96 x SEM x √2. Assuming that the measurements have a normal distribution, 95% of the dots 
should fall between the these LoA.15 
Validity 
The validity was assessed by comparing ΔT values to the healing categories (reference 
standard) using ANOVA analysis. Receiver operating characteristic (ROC) curves were used 
to illustrate the ability of thermal imaging to distinguish between different burn wound 
healing categories. ROC curves were created by plotting the true positive rate (sensitivity) on 
the x-axis against the false positive rate (1-specificity) on the y-axis. By calculating the area 
under de curve (AUC), the ability of thermal imaging to discriminate between different healing 
categories was assessed. An AUC of 1.0 represents an excellent discrimination, whereas an 
AUC value of 0.5 represents no discrimination beyond chance.15 Finally, one optimal ΔT cut-
off value was determined with associated sensitivity, specificity, positive predictive value and 
negative predictive value. The optimal cut-off value was the ∆T at which the sensitivity and 
specificity (added together) generated one of the highest percentages, thereby focusing on 
clinical significance. As it is most important that burn wounds that do not necessarily benefit 
from surgery (HP ≤21 days) are not falsely classified in burn wound healing category >21 days, 
high specificity was preferred over high sensitivity.
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RESULTS
Patient characteristics 
Patient and burn wound characteristics are presented in Table 1. In total, 50 different burn 
wounds in 41 consecutive patients were included. The mean TBSA was 3.5% (SD 5.3). On t1, 
27 burn wounds were imaged, on t2, 31 burn wounds and on t3, 26 burn wounds. We found no 
significant association between the cause of the burn wound (scald, flame, hot oil, contact or 
chemical) and the registered healing category (Chi-square test, p-value 0.477). Furthermore, 
there was no significant association between the cause of the burn wound and the obtained ∆T 
(one-way ANOVA, p-value 0.893). 
Table 1.  Patient and burn wound characteristics.
Characteristic Value, n Percentage
Burn wounds
Patients 
Outpatient clinic
Burn center 
50
41
28
13
68.3%
31.7%
Sex
Male
Female
33
8
80.5%
19.5%
Age, years
Median (range) 41 (18-87)
Cause of burn wound
Scald
Flame
Hot oil
Contact
Chemical
13
10
8
8
2
31.7%
24.4%
19.5%
19.5%
4.9%
Location of burn wound
Head and neck
Trunk 
Arms
Legs
Distal extremities (hands/feet)
3
12
15
9
11
6.0%
24.0%
30.0%
18.0%
22.0%
Reliability
Table 2 shows the variance components and corresponding ICCinter values for each time 
point. All ICCinter values were 0.99, expressing the correlation between the ΔT values of two 
measurements. The observer and random error variance were used to calculate the SEM 
[√(σ2obs + σ
2
error)]. For every time point, the SEM is also shown in Table 2. 
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Table 2. Variance components, corresponding ICCinter and SEM per time point.
Time point Patient
variance
Observer
variance
Random error
variance
ICCinter SEM
t1 3.25 0.01 0.04 0.99 0.22
t2 3.61 0.00 0.05 0.99 0.21
t3 2.59 0.00 0.03 0.99 0.17
Furthermore, the mean difference of ΔT values on t1 was calculated at -0.1°C. Subsequently, 
the SEM and mean difference were used to calculate the LoA (-0.1 ± 1.96 x 0.22 x √2). For 
the first imaging moment (t1), the upper LoA was calculated at 0.51°C and the lower LoA at 
-0.71°C. These findings are visualized in a Bland and Altman plot to illustrate the absolute 
agreement between two measurements (Figure 3). For t2 and t3, comparable LoA were found 
and therefore we did not acquire additional Bland and Altman plots.
Figure 3. Bland and Altman plot with the limits of agreement (continuous lines). The mean difference (dotted 
line) is nearly zero (-0.1°C), indicating that there is no systematic difference between two measurements. 
Validity
First, ΔT values were compared to the three healing categories (HP ≤14 days, HP 15-21 days, 
HP >21 days). Table 3 shows the number of burn wounds and mean ΔT values on each time 
point per healing category. In addition, Figure 4 illustrates the development of the mean ΔT 
value for each healing category, as we were interested in the course of ΔT. At t3, the mean ΔT 
for healing category I and II is increased and the same (0.80°C), but burn wounds of healing 
category III show a declined temperature compared to t2 (-1.13°C). 
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Table 3. Mean ΔT value on each time point per healing category.
Time point I: HP ≤14 days II: HP 15-21 days III: HP >21 days p-value 
t1 Burn wounds, n 12 5 10 
Mean ΔT, °C 0.21 -0.96 -1.57 0.064
95% CI -0.93 to 1.35 -2.56 to 0.64 -2.81 to -0.33
t2 Burn wounds, n 13 4 14
Mean ΔT, °C 0.76 0.38 -0.52 0.220
95% CI -0.26 to 1.79 -0.88 to 1.63 -1.79 to 0.75
t3 Burn wounds, n 4 4 18
Mean ΔT, °C 0.80 0.80 -1.13 0.015
95% CI -1.38 to 2.98 -1.54 to 3.14 -1.85 to -0.42
t1: post-burn day 1-3; t2: post-burn day 4-7; t3: post-burn day 8-10. 
CI: Confidence interval; HP: healing potential. Statistics: ANOVA. 
To assess the validity of the FLIR ONE, the thermal imaging results of t1 and t2 were combined, 
since burn wound assessment is most likely to occur in the first week post burn. One ROC 
curve was generated to identify the ability of the FLIR ONE to discriminate between burn 
wounds healed within ≤21 days and >21 days. The estimated AUC was 0.69 (95% CI 0.54-0.84, 
p-value 0.015). Subsequently, one ΔT cut-off value was obtained that differentiates between 
burn wounds that tend to heal spontaneously (HP ≤21 days) and burn wounds that may require 
surgical treatment (HP >21 days). The optimal cut-off point was -1.15°C, accompanied by 46% 
sensitivity and 82% specificity, a positive predictive value of 65% and negative predictive value 
of 68%.
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Figure 4. Development of mean ΔT values for each burn wound healing category. The dotted line reflects 
0.0°C.   
         
DISCUSSION
In this study, the objective was to evaluate the reliability and validity of the FLIR ONE thermal 
imager to assess burn wounds. By estimating variance components and subsequently 
calculating ICCinter values, we assessed the reliability of the FLIR ONE camera. The highest 
variance component was patient variance, error variance was low and the variance between 
two observers (i.e. raters) was negligible. This implicates that differences in ΔT values are 
mostly due to systematic differences between the true scores of patients. On each time point, 
the calculated ICCinter value was 0.99, demonstrating a high correlation between the ΔT values 
of two observers. Furthermore, to assess the absolute agreement between both observers, two 
parameters of measurement error were calculated. The SEM was calculated at 0.22°C, 0.21°C 
and 0.17°C for t1, t2 and t3, respectively. The SEM is a measure of how far apart the ΔT values 
of repeated measurements are, and can be seen as the standard deviation around a single 
measurement. By means of these SEM values, the LoA were obtained, reflecting an interval 
in which 95% of the measurements will fall. For the first imaging moment, a lower LoA of 
-0.71°C and an upper LoA of 0.51°C was found. For t2 and t3, comparable LoA were found and 
therefore we did not acquire additional Bland and Altman plots. These reliability results are in 
line with the previous thermography study of our research group.14 In the earlier study, a highly 
sensitive thermal camera was tested: the Xenics Gobi 384. An ICCinter of 0.99 was found, joined 
by a SEM of 0.22°C. Additionally, the LoA were calculated at -0.58°C and 0.64°C. Therefore, we 
can conclude that although the FLIR ONE is much smaller and has a lower spatial resolution 
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than the thermal camera previously tested, the reliability has not declined. Additionally, the 
current results indicate that reliable measurements can be obtained from post burn day 1 to 10 
when using the FLIR ONE camera. A possible explanation for the high ICCs is the fact that we 
analyzed a relatively large area in each burn wound, instead of a point measurement, which is 
often obtained in previous studies.21 In addition, by accurately outlining the regions of interest 
in a normal photograph, exactly the same burn region and reference area were evaluated by 
both observers. 
 Besides reliability, the validity of the FLIR ONE camera for burn wound assessment was 
evaluated by comparing ΔT values to different healing categories. For healing category I (≤14 
days), mean ΔT values were positive (>0.0°C) at each time point. The mean ΔT value for healing 
category II (15-21 days) was negative at t1, but changed into a positive value at t2 and t3. Finally, 
for healing category III (>21 days), mean ΔT values were negative at all time points post-burn. 
This implicates that the course of ΔT could also be a useful adjunct to determine the actual burn 
wound healing time in routine clinical practice. Furthermore, mean ΔT values between the three 
healing potential categories were only statistically significant at t3 (p = 0.015). This may be due 
to the fact that burn wounds healing within 21 days, show signs of healing progression by day 
8-10 post-burn. In addition, burn wounds that will not heal within 21 days, are not able to show a 
temperature increase by day 8-10 due to injured vascular perfusion of the dermis.12 As a result, 
the differences in terms of healing seem to be most noticeable at day 8-10 post-burn. 
 In order to investigate the ability of the FLIR ONE to discriminate between different healing 
categories, ROC curves were plotted. For this purpose, measurements on t1 and t2 were 
combined, because burn wound assessment is most essential during the first week post burn. The 
discrimination between healing category I plus II (≤21 days) versus III (>21 days) was determined. 
The AUC was 0.69 (95% CI 0.54-0.84). This means that the FLIR ONE shows a moderate ability to 
discriminate between these healing categories. Furthermore, a ΔT cut-off value was determined, 
enabling to identify burn wounds that actually require surgery (HP >21 days) and burn wounds 
that do not (HP ≤21 days). We selected a ∆T cut-off value of -1.15°C, with a sensitivity of 46% and 
specificity of 82%. This cut-off value was chosen, because it is most important that burn wounds 
that do not necessarily benefit from surgery (HP <21 days), are not falsely classified in burn 
wound healing category >21days. Therefore, high specificity was preferred over high sensitivity 
for the distinction between these categories. However, one can also choose a cut-off value with 
maximum sensitivity and specificity. For example, a value of -0.25°C provides 75% sensitivity and 
71% specificity, resulting in more burn wounds in healing category > 21days, but also in more 
false positives. On the contrary, a cut-off value of -3.15°C is accompanied with 13% sensitivity 
and 100% specificity. In this case, only a very small number of burn wounds will be positive for the 
test. However, all of these cases will be true positive. These examples illustrate how the optimal 
ΔT cut-off value varies for different test purposes. 
 There are some limitations to the current study, mainly related to the (required) study 
design. First, we encountered that when severe burn wounds were excised and grafted in an 
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early stage, the actual healing time could not be observed. In these cases, burn wounds were 
categorized in healing category III (>21 days), but it may be possible that some of the burns 
contained more viable tissue and were less severe than initially thought. This could have led to 
an overestimation of burn wounds in this category. However, not providing adequate burn care 
for these patients would have been unethical. As a result, only five burn wounds were included 
in the registered healing category II (15-21 days). Due to this small number, statistical power 
was low in the intermediate group. This problem was also encountered in previous studies22 
and unfortunately we were not able to increase this number of burn wounds. Maybe, if a LDI 
scan was obtained and used as an additional reference standard we were able to include more 
burns in this intermediate group, but for the practicability of this study and the fact that LDI 
is only maximally accurate between 2-5 days post-burn, we decided not to use this device. 
Lastly, it is considered here that the FLIR ONE results were not directly compared to clinical 
evaluation, which may have been useful. However, as we found a moderate accuracy of 74% 
for clinical evaluation (data not shown), we decided to use the registered healing time as a 
reference instead of clinical evaluation. 
 Furthermore, during the analyses of ΔT values, we noticed that some burn wounds showed 
a negative ΔT value, whereas a positive value was expected based on clinical evaluation and 
actual healing time. We hypothesize that these impaired results are a consequence of the 
confounding effect of evaporative heat loss, which causes burn wounds to be falsely interpreted 
as deep wounds.3, 23 Moreover, we found in both chemical burn wounds that the ∆T value was 
more positive than one would expect. A possible explanation for this is that the aberrant type of 
necrosis in these burns gives rise to a higher temperature. 
 Concerning the feasibility of the FLIR ONE thermal camera, we would like to report that the 
device is easy to use. Therefore, all kinds of personnel are able to use the FLIR ONE without 
extensive training. In addition, acquiring a ∆T value in the accompanying software only takes 
one minute and can be carried out by differing persons. The costs of the FLIR ONE are $250, 
and the device can be easily attached to an iPhone or iPad (mini). Lastly, the device is so small 
that it can be carried with you all day, allowing quick measurements at any moment. For these 
reasons, we would like to underscore the option to use the FLIR ONE not only in clinical burn 
practice, but also at the emergency department of local hospitals or in general practice.  
CONCLUSION
This study showed good reliability and moderate validity of the FLIR ONE thermal camera 
for the assessment of burn wound healing time. It would be interesting to perform additional 
research, evaluating the validity of the FLIR ONE when it is used as an add-on test (i.e. clinical 
evaluation + FLIR ONE versus only clinical evaluation). We conclude that the FLIR ONE could 
become a useful adjunct for burn clinicians, as well as for physicians that face the assessment 
of burn wounds less often. 
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CHAPTER 6 
In a clinimetric analysis,  
3D stereophotogrammetry was found to 
be reliable and valid for measuring scar 
volume in clinical research
“Real anatomy exists 
in three dimensions, 
so any time you can 
view anatomical data in 
3D, you’ll have a more 
accurate picture of the 
subject”  
(Paul Brown)
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ABSTRACT
Objectives: Volume is an important feature in the evaluation of hypertrophic scars and keloids. 
Three-dimensional (3D) stereophotogrammetry is a noninvasive technique for the measurement 
of scar volume. This study evaluated the reliability and validity of 3D stereophotogrammetry for 
measuring scar volume. 
Study design and Setting: To evaluate reliability, 51 scars were photographed by two 
observers. Interobserver reliability was assessed by the intraclass correlation coefficient (ICC), 
and the measurement error was expressed as limits of agreement (LoA). To assess validity, 
60 simulated (clay) scars were measured by 3D stereophotogrammetry and subsequently 
weighed (gold standard). The correlation of volumes obtained by both measures was calculated 
by a concordance correlation coefficient (CCC), and the measurement error was expressed as 
a 95% prediction interval. 
Results: The ICC was 0.99, corresponding to a high correlation of measurements between 
two observers, although the LoA were relatively wide. The correlation between 3D 
stereophotogrammetry and the gold standard was also high, with a CCC of 0.97. Again, the plot 
of the differences and LoA showed moderate agreement for the validity.  
Conclusions: Three-dimensional stereophotogrammetry is suitable for the use in clinical 
research but not for the follow-up of the individual patient. 
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INTRODUCTION
Scarring after burns and after surgical and traumatic injury may lead to functional, esthetic and 
psychological problems. The development of pathological scars is regularly seen especially after 
burns.1 One of the most distinct features of these pathological scars is that they are elevated 
above the surrounding skin, thereby having an increased volume. An adequate assessment of 
the scar property volume allows clinicians and researchers to compare the effectiveness of 
therapy protocols. Scar properties may be assessed by validated scar assessment scales, such 
as the POSAS.2, 3 There is, however, a need for objective scar assessment tools, to quantitatively 
measure the volume of a scar and to provide an objective patient follow-up after applied 
treatment.4, 5
 Studies describing techniques that objectively measure scar volume are scarce. A reliable 
technique is taking a cast of the scar with elastomer putty (negative impression), where after the 
resulting mold is filled with plaster and subsequently weighed.6, 7 This casting method though 
has several disadvantages: it may cause patient discomfort, the plaster density may vary, and 
it is time consuming. Moreover, the use is limited to small scars surrounded by normal skin. 
The last few years, several three-dimensional (3D) imaging methods have become available 
for the assessment of volume in clinical and research settings.8-13 One of these methods is 3D 
stereophotogrammetry, which uses digital color images that are captured simultaneously by 
two cameras. Especially in the field of oral and maxillofacial surgery, various studies have been 
performed to identify facial landmarks,13 to measure volumetric changes in cleft lip and palate 
nose,10 and to image facial surface area.11 
 Three-dimensional stereophotogrammetry for measuring scar volume was tested in 
two studies with an experimental set up and found to have a good validity (both Pearson’s 
correlation coefficient >0.97).8, 12 Although useful, the applicability of these results is limited 
mainly because of the small inclusion numbers.8, 12 For assessing the appropriateness of a 
measurement device, both reliability (i.e. the degree to which repeated measurements provide 
similar results) and validity (i.e. the degree to which the device measures what it is intended to 
measure) are essential features.14 The objective of this study was to evaluate the reliability and 
validity of 3D stereophotogrammetry for measuring scar volume.
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MATERIALS AND METHODS
Study population
Patients with clinically raised scars (hypertrophic scars and keloids) were recruited from the 
scar outpatient clinics in the Red Cross Hospital in Beverwijk and the VU Medical Center in 
Amsterdam from August until October 2012. Scars with a diameter of less than 20 cm fitted the 
measuring frame of the camera and were eligible for inclusion. In addition, healthy volunteers, 
either working as health care workers in the Burn Center or as intern at the surgery department 
of the Red Cross Hospital, participated in the validation part of the study. Verbal informed 
consent was obtained from patients and volunteers. The principles outlined in the declaration 
of Helsinki were followed.
The imaging system
The stereophotographic system 3D LifeViz (Canon 500D body, Dermapix software, Quantificare, 
Sophia Antipolis, France) was used, which is based on passive stereophotogrammetry. This 
system includes a customized Canon 500D, 15.1 megapixel digital reflex camera with a 39-mm-
bifurcated lens. Photographs were taken from a standardized distance of 60 cm by the use of 
two light beams that converge at one spot when the camera is held perpendicular at the correct 
distance from the targeted point (Figure 1A). The camera captures two images simultaneously 
by taking a photograph from different angles (Figure 1B). The software program Dermapix 
automatically integrates the stereo images and produces a three-dimensional reconstruction in 
the ‘fine analysis’ mode. The margin of the scar was manually marked in the software program 
Dermapix, using a computer mouse. To do so, the image can be pictured from above in a 2D 
manner. After the margin was defined, the 3D reconstruction shows a black surrounding line 
(Figure 1C). Thereafter, the software program automatically defines the cutoff plane at the 
bottom of the scar (i.e. the closing surface), using the curvature of the surrounding skin as a 
reference. It is possible to adjust the sigma, which defines to what extend ‘the closing surface’ 
follows this curvature. In this study the sigma was set to 1 to perform volume measurements. 
Finally, the software program automatically calculates the scar volume by height x width x 
depth dimensions displayed in a grid (Figure 1C).
16
3D STEREOPHOTOGRAMMETRY FOR MEASURING SCAR VOLUME
121
60 centimeters
Figure 1a. Camera held at a fixed distance of 60 cm from the scar.
Figure 1b. Stereographic images captured from different angles.
Figure 1c. Three-dimensional reconstruction by the use of Dermapix software. The black line indicating 
the scar contour, marked manually.
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Gold standard
To obtain a gold standard, scars with a random form and random volume were created with 
self-hardening modeling clay (DAS Terracotta, modeling material, Fila Group, Italy). The 
specific gravity of the clay (ρ = 1.66 g/cm³; range 1.63-1.71 g/cm³) was calculated by averaging 
five repeated gravity measurements, performed under standard laboratory conditions. The 
scar models were weighed with a high precision scale (Sartorius MC1 Analytic AC 120S) to 
provide the actual volume by the formula: volume (mm3) = mass/specific gravity. 
Study procedure
To assess the reliability, the scars of the patients were photographed by two observers. Both 
observers were experienced in taking the photographs and using the software to calculate 
the volumes. Each observer independently performed a volume measurement of the 
photograph made by the other observer, resulting in two volume measurements per scar. This 
procedure was expected to simulate the routine clinical practice best: someone else than the 
photographer may perform volume analysis. To establish the reliability, both 3D measurements 
were compared. 
The validity was tested by applying the scar models to three different body sites of the volunteers 
(thorax, upper leg, and lower arm), which represented a flat, moderate, and strong curvature 
of the body, respectively. Subsequently, two observers took one photograph of the simulated 
scars, and volume measurements were performed crosswise. 
Statistical analysis 
Data were analyzed using SPSS 18.0 (SPSS Inc. Chicago, USA) and Mplus 6.1 (Muthén & 
Muthén, Los Angeles, California, USA).15 General patient and volunteer characteristics were 
documented. For the statistical analysis, a similar approach was used as described in a previous 
study by Stekelenburg et al.16 where the device was tested for measuring scar surface area. 
We refer to the appendix of this study for a detailed description of the statistical calculations.16 
All analyses were performed with the scars as unit of analysis. Because of the skewed 
distribution of the measurements, data were transformed using a cube root transformation 
to approximate a normal distribution and constant error variance best. The interobserver 
reliability was defined as the correlation between the measurements of the two observers and 
expressed through the interobserver intraclass correlation coefficient (ICCinter). The ICCinter was 
calculated using the estimated variance components of a scars × observers random-effects 
model without replications (on the transformed data): scar variance (σ 2scar), observer variance 
(σ 2obs), and the error variance (σ 
2
error). The ICC is the ratio between the scar variance and the 
total variance: ICC = σ 2scar/(σ 
2
scar  + σ 
2
obs  + σ 
2
error).
17
 The standard error of measurement (SEM) 
was obtained using the formula: SEM = √(σ 2obs + σ 
2
error).
18 To give an indication of the absolute 
agreement between observers, Bland and Altman plots were obtained in which limits of 
agreement were indicated.19 These plots show the mean of measurements of two observers on 
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the x-axis against the difference between the two measurements on the y-axis, accompanied 
by the LoA.19 The LoA were derived from a backtransformation of the data (X) and calculated 
as: 
	
LoA = 0± ( X3 ±1.96 2 × SEM )3. The LoA were expressed in the units of measurement and 
indicate that 95% of the differences between two measurements lie between these limits.
In order to assess the validity, the measurement data of 3D stereophotogrammetry and of the 
gold standard were compared by using the concordance correlation coefficient (CCC).16 For 
each of the two measurements, the CCC was calculated, and these two CCC’s were averaged. 
To quantify the difference between both methods expressed in mm3, again LoA were calculated. 
In this way, a (nonlinear) regression line and a corresponding 95% prediction interval for the 
gold standard based on one 3D measurement was calculated using the method of inverse 
prediction.16, 20 
Table 1. Patient characteristics.
Characteristics Value Characteristics Value
Scars, n
Patients, n
51
31
Cause of scar, n 
  Burn injury
  Trauma  
  Operation
  Injection
  Acne
  Cause unknown
11 (22%)
2 (4%)
13 (25%)
6 (12%)
13 (25%)
6 (12%)
Gender, n
  Male
  Female
16
15
Age, years
  Mean (SD)
  Minimum
  Maximum
        33 (16)
2
73
Scar location, n 
  Face
  Presternal
  Deltoid region
  Extremities
  Back/scapula
  Ear(lobe)
7 (14%)
12 (23%)
8 (16%)
14 (27%)
6 (12%)
4 (8%)Scar type, n 
  Hypertrophic
  Keloid
  Mixed
       15 (29%)
       35 (69%)
       1 (2%)
RESULTS
Reliability
Fifty-one clinically raised scars of 31 patients were included. Patient demographics and scar 
characteristics are shown in Table 1. The mean volume, obtained by 3D measurement, was 
1619 mm³ [standard deviation (SD): 4120 mm³]. After cube root transformation of the data, the 
ICCinter was found to be 0.99, corresponding to the correlation between the cross 3D volume 
measurements of two photographs produced by two observers. The variance components were 
estimated at 25.35 (scars), 0.00 (observers) and 0.10 (error). The SEM was calculated at 0.32. 
Acquired from the reasonably high SEM, also the LoA are quite wide. Transformation to the 
traditional Bland-Altman format yields Figure 2, which represents the volumes up to 3000 mm³. 
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Validity
Sixty scar models were applied to 20 healthy volunteers. The mean scar volume by weighing 
the clay and calculating the volume was 5550 mm³ (SD: 4042 mm³). The mean volumes 
and standard deviations measured by two observers using 3D stereophotogrammetry were, 
respectively, 5459 mm³ (SD 4256 mm³) and 5629 mm³ (SD 4322 mm³). The mean CCC was 
0.97, corresponding to the correlation between 3D stereophotogrammetry measurement 
and by weighing the clay. The data of validity are plotted in Figure 3, with the gold standard 
(G) on the y-axis and 3D stereophotogrammetry values (X) on the x-axis. Inverse prediction 
yielded the (nonlinear) regression line 
	
33 )12.093.0( += XG  and 
	
33 )74.112.093.0( ±+X  for the 
accompanying LoA. With the regression line, a gold standard value can be calculated from a 
given 3D measurement. Also, a 45° line (i.e. the line of equality) is plotted, representing 100% 
agreement between the two methods for measuring scar volume. Note that the prediction line 
is positioned below the 45° line and that the LoA are again considerably wide. 
Figure 2. Bland and Altman plot with the back transformed limits of agreement (pink lines), indicating the 
inter-observer agreement between the two observers of mean scar volume ≤3000 mm³.
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Figure 3. Plot of the 3D stereophotogrammetry and the gold standard. The grey solid line signifies the 
regression line between these two methods (or predicted value of the gold standard). The dotted grey line 
is the 45° line signifying 100% agreement between the two methods.
DISCUSSION
In this study, 3D stereophotogrammetry was found to have a very high reliability expressed 
by a high ICCinter (0.99). Moreover, the CCC that was found for the correlation between 3D 
stereophotogrammetry and the gold standard was very high (0.97). The reliability and validity of 
3D stereophotogrammetry were excellent from this perspective and correspond to other studies 
that described the use of 3D stereophotogrammetry in measuring volume of clinically raised 
skin scars. Both studies calculated and presented a very high correlation coefficient (Pearson’s 
correlation coefficient >0.97) between volumes obtained with 3D stereophotogrammetry, 
and the actual volume assessed by weighing and calculating the volume of a scar model.8, 
12 Therefore, it can be concluded that not only our study but also all clinimetric studies on 
3D stereophotogrammetry for volume measurements of scars showed an excellent reliability 
and validity measured by correlation statistics. However, although the correlation coefficient is 
rather a widely accepted and common parameter to assess the reliability and validity, it is not 
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very informative. ICC as well as a Pearson’s correlation coefficient, are relative measurements 
of correlation and do not provide direct information about the absolute measurement error. 
For the clinical follow-up of patients, we are interested in the absolute measurement error of 
an individual measurement because that determines the change that can be detected beyond 
the measurement error. The SEM’s we found are too large for use in clinical practice. For 
research purposes, (i.e. group comparisons), measurement errors are much smaller as these 
are leveled out in groups because the error is divided by the square root of the number included 
in the study.14 
 Because we were interested in applications of 3D stereophotogrammetry in both research 
and clinical practice, we additionally studied the absolute agreement between observers as 
well as the agreement between stereophotogrammetry and the gold standard. This analysis 
showed that the agreement between observers, in terms of measurement error and LoA, was 
moderate, which can be concluded from the relatively broad LoA in the Bland and Altman 
plot. Also, the true agreement between 3D stereophotogrammetry and the gold standard was 
moderate, which can be interpreted from the considerable width of the LoA. These findings 
are similar to those of a study that was previously performed by our research group, where 
the reliability and validity of 3D stereophotogrammetry for the measurement of scar surface 
area was studied: a high ICC in combination with a moderately good agreement.16 In most 
studies on reliability and validity, including those previously above, no additional agreement 
analysis is done.8, 12 Likely, the same discrepancy would be found in these studies if additional 
agreement analysis was performed. For clinimetrical studies, we therefore advocate the use 
of both ICCs, measurement error, and Bland and Altman plots with LoA to have a better (true) 
understanding of the clinimetric quality. 
 The discrepancy between the high correlation values and the moderate agreement can 
be explained by the heterogeneity of the study population. Reliability refers to the question to 
what extent the scar volumes can be distinguished from each other by the two observers. It 
is obvious that it is easier to distinguish scars with a wide range of volumes than scars with 
equal volumes. The ICC is a parameter that is dependent on the heterogeneity of scar volumes 
in the study population.17 The measurement error refers to absolute differences between the 
estimation of the volumes, expressed in mm3. We chose a study population with a wide range 
of scar volumes because this matches the patient population that is seen in clinical practice. 
In cases where a high ICC is possibly due to a heterogenic study population, it is important to 
also assess agreement parameters.16, 17 
 Possible explanations for the moderate agreement are multiple. First, it was found that 
scars on extremely curved body parts could not be captured in a single photograph. From 
a single position of the camera, the edges of the scar were not seen. The 3D reconstruction 
that was obtained subsequently showed a deformation of the scar edges, resulting in an 
aberrant volume measurement. Second, it was seen that in some scars, especially keloids, 
a volumetrically smaller base could not be captured with one photograph. Because the 
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camera was held perpendicular to the scar and the angle of the lenses was predefined, it 
was not possible to picture the small base resulting in a deformed 3D reconstruction. For 
both situations, we suggest taking multiple pictures of a scar from more than one angle and 
identifying the different segments of a scar with a marker. This will result in a better quality of 
the photographs without deformation. Subsequently, the volumes of the segments derived with 
3D measurement can be summed. Third, another possible reason for the moderate agreement 
is the three-dimensional aspect of volume measurements. For measuring scar surfaces, 
quadratic units are used, and for scar volumes, cubic units. This means that measurement 
errors may occur in three dimensions instead of one. This hypothesis is supported by the finding 
that a cube root transformation of the data results in an approximate normal distribution of the 
volume values.16 Fourth, although we optimally standardized the method of taking the pictures 
and measuring the volumes, measurement errors may arise when taking a photograph. These 
measurement errors may arise from differences in distance to the object and the exact angle 
in which the photograph is taken. Technical adjustments to the device might overcome this 
source of possible measurement error and could be food for future research. Finally, regarding 
the moderate validity of the device, this could be partially due to the difficulty in determining 
the exact cutoff point on the backside of the scar. Although we standardized the cutoff point for 
each scar, the actual curve of the scar, underneath the skin, remains unclear. This difficulty 
applies though, for all other types of photographic 3D imaging, but also for the gold standard. 
 In this article, the measurement of scar volumes was discussed. For future research, it 
would also be interesting to investigate the shape of scars in time during and after certain 
treatment regimens. The exact 3D changes are an interesting scar feature but to date, a 
challenge to quantify.  
In summary, 3D stereophotogrammetry is suitable for the use as measurement instrument 
in research settings. This is a valuable finding in the search for objective tools to monitor the 
effect of different treatments. For the use in clinical practice, where we are interested in the 
individual follow-up of patients in time, the agreement should be improved.  
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CHAPTER 7 
Assessing blood flow,  
microvasculature, erythema and  
redness in hypertrophic scars: a cross 
sectional study showing different  
features that require precise definitions
“Je gaat ‘t pas zien  
als je het door hebt” 
(Johan Cruijff)
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ABSTRACT
Background: In hypertrophic scar assessment, laser Doppler imaging (LDI), colorimetry and 
subjective assessment (POSAS) can be used to evaluate blood flow, erythema and redness, 
respectively. In addition, the microvasculature (i.e. presence of microvessels) can be determined 
by immunohistochemistry. These measurement techniques are frequently used in clinical 
practice and/or in research to evaluate treatment response and monitor scar development. 
However, until now it has not been tested to what extent the outcomes of these techniques 
are associated, whilst the outcome terms are frequently used interchangeably or replaced by 
the umbrella term ‘vascularization’. This is confusing, as every technique seems to measure a 
specific feature. Therefore, we evaluated the correlations of the four measurement techniques. 
Methods: We included 32 consecutive patients, aged ≥18 years, who underwent elective 
resection of a hypertrophic scar. Pre-operatively, we performed LDI (measuring blood flow), 
colorimetry (measuring erythema) and the POSAS (subjective redness) within the predefined 
scar area of interest (~1.5 cm). Subsequently, the scar was excised and the area of interest was 
sent for immunohistochemistry, to determine the presence of microvessels. 
Results: Only a statistically significant correlation was found between erythema values 
(colorimetry) and subjective redness assessment (POSAS) (r=0.403, p=0.030). We found no 
correlations between the outcomes of LDI, immunohistochemistry and colorimetry. 
Conclusions: Blood flow, the presence of microvessels and erythema appear to be different 
hypertrophic scar features because they show an absence of correlation. Therefore, in the field 
of scar assessment, these outcome terms cannot be used interchangeably. In addition, we 
conclude that the term ‘vascularization’ does not seem appropriate to serve as an umbrella 
term. The use of precise definitions in research as well as in clinical practice is recommended.
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INTRODUCTION
Surgical procedures, traumatic injuries and burns may cause hypertrophic scars.1 These scars 
can have significant impact on patients’ quality of life due to functional and cosmetic problems 
such as scar redness, increased thickness, pain, pruritus and contraction.2, 3 Hypertrophic scars 
result from a wide array of derailed wound healing processes.4, 5 Previous research suggests 
that new blood vessel formation, mainly apparent as angiogenic sprouting of pre-existing 
blood vessels, is an essential process in the development of hypertrophic scars.6 Therefore, 
it has been hypothesized that several treatment regimens (e.g. laser, pressure garments and 
cryotherapy) work by destructing the microvasculature and/or reducing the blood flow.7-9 This 
may result in hypoxia that would lead to fibroblast degeneration and collagen degradation, both 
enhancing shrinkage of the hypertrophic scar tissue. 
 When looking at hypertrophic scars in clinical practice, one could ask the question: 
which features make these scars so obvious and therefore problematic? Besides increased 
thickness, also the amount of redness appears to have a major impact on the judgement 
of scar quality by both clinicians and patients. But what are the underlying causes of scar 
redness and consequentially, how can this aberrant scar feature be assessed so that we can 
monitor the scars? Several measurement techniques are frequently used in clinical practice 
and in research to aid in the evaluation of scar development and treatment response.10-12 For 
example, laser Doppler imaging (LDI), a non-invasive flow measurement technique, can be 
used to quantify and visualize blood flow in scars.13, 14 In a previous study, Oliveira et al. showed 
increased blood flow values in hypertrophic scars compared to normal skin.13 Furthermore, 
color meters are used to measure erythema,15 which is often interpreted as an indirect measure 
of the microvasculature or blood flow. 
 Until now, it has never been tested to what extent the outcomes of frequently used 
measurement techniques are associated, whilst they all pursue to assess scar redness in 
a certain way. Therefore, we determined whether outcomes of the following measurement 
techniques are associated: colorimetry (measuring scar erythema), LDI (measuring blood 
flow values), immunohistochemical analysis (determining the presence of microvessels), and 
subjective assessment (measuring redness as perceived by observers). Moreover, in literature 
as well as in clinical practice, these four scar features are often used interchangeably and they 
are referred to as ‘vascularization’ or ‘vascularity’. For the purpose of clarity, we also aimed 
to explore whether it is appropriate to gather these scar features under the umbrella term 
‘vascularization’. 
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METHODS
Study design and patients
A cross-sectional multicenter study was performed between June 2013 and June 2015. We 
included 32 consecutive patients, aged ≥18 years, who underwent resection of a hypertrophic 
scar. Hypertrophic scars were defined as scars with a thickness score or vascularization score 
≥3 as determined by the Patient and Observer Scar Assessment Scale (POSAS).9, 16 Patients 
were recruited in three hospitals: the Red Cross Hospital in Beverwijk, the Netherlands, the 
Academic Hospital in Maastricht, the Netherlands and the University Hospital in Leuven, 
Belgium. The Medical Ethics Committee of the district Noord-Holland in the Netherlands 
approved the study protocol (reference number NH013.191) and agreed that this study was 
outside the scope of the Medical Research involving Human Subjects Act. However, in the light 
of the Declaration of Helsinki, written informed consent was obtained from all patients. 
Measurement instruments
Laser Doppler imaging 
To assess blood flow in the scar, the moorLDI2 Imaging System (Moor Instruments Ltd., 
Axminster, United Kingdom) was used. For product details and a thorough explanation on 
the working mechanism we refer to http://moorclinical.com. After completion of each LDI 
measurement, data were analyzed offline using moorLDI2 Research Software V6.0.17 The blood 
flow was automatically calculated and expressed in perfusion units (PU). In addition, adjacent 
healthy skin was measured to obtain a control blood flow value within each patient. The 
following LDI parameter settings were used: data unit: perfusion, bandwidth: 250Hz-15kHz, 
normalization: DC, scan speed: 4 ms/pixel, background threshold: 50 PU. In this way, the tissue 
depth probed by the moorLDI2 was approximately 2 mm, as confirmed by Moor Instruments. 
Colorimetry
The most commonly used principles for measuring scar color are narrow-band reflectance 
spectrophotometry and tristimulus reflectance colorimetry. For this study, we only used 
narrow-band reflectance spectrophotometry values obtained in Beverwijk, the Netherlands 
(n = 29), as measured by the DSM II ColorMeter (Cortex Technology, Hadsund, Denmark). The 
DSM II ColorMeter presents erythema and melanin index values, based on the differences 
in light absorption of red and green by hemoglobin and melanocytes, respectively.18, 19 This 
is achieved by two light-emitting diodes that illuminate a surface and record the intensity 
of reflected light. The erythema index determined is defined as: E = 100 x log (intensity of 
reflected red light/intensity of reflected green light). In the other two hospitals, the skin-
colorimeter was used, which is based on the principle of tristimulus reflectance colorimetry 
that does not express erythema index values but instead L*a*b index values.15, 20 Since this is 
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a different measurement system, we only used the colorimetry data obtained in Beverwijk, the 
Netherlands for further analyses.  
Subjective assessment: Patient and Observer Scar Assessment Scale 
The POSAS is a subjective scar assessment instrument, consisting of two separate six-item 
scales (observer and patient) that are both scored on a 10-point rating scale.16 The item 
vascularization of the observer scale and the item color of the patient scale were used to 
assess the redness of the scars. A lower POSAS score correlates with a better scar: 1 reflects 
healthy skin and 10 the worst imaginable scar. 
Measurement procedure of the scars
A standardized circular area of 1.5 cm in diameter was marked on the scar that was planned for 
excision (Figure 1). This area served as region of interest for this study. A permanent marker was 
used, to ensure that the region of interest was identifiable on the LDI image. First, the patient 
and two observers filled out the POSAS individually. Second, the color of the region of interest 
was assessed in a single measurement using the DSM II ColorMeter. In addition, the color of the 
contralateral side of the body was assessed as a control. If the contralateral side consisted of 
scar tissue, healthy skin adjacent to the scar was selected. After POSAS and color assessment, 
a clinical research fellow performed the LDI measurement. Subsequently, the patient received 
general or local anesthesia, whereafter a plastic surgeon excised the region of interest within the 
scar. This scar sample was fixed in 4% paraformaldehyde and sent in for immunohistochemical 
evaluation. Then, the remaining scar was excised and the wound was closed.      
Figure 1. Two examples of a hypertrophic scar with the standardized circular area marked, serving as 
region of interest.
Immunohistochemical analysis
After dehydration, samples were embedded in paraffin, cut perpendicular to the skin surface 
on a microtome (5 µm sections), and mounted on glass slides. Of every sample, three sections 
with an interference of 250 µm between each section were used for staining antibodies for 
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60 min at room temperature against Von Willebrand Factor (vWF antibody: rabbit-polyclonal 
anti-VWF (cat. No. F3520), dilution 2000x, Sigma-Aldrich, St. Louis, USA), which was visualized 
using BrightVision (Immunologic, Duiven, the Netherlands) and 3,3’-Diaminobenzidine (DAB), 
and counterstained with hematoxylin. Negative controls were included by omitting the first 
antibody. Digital images were acquired using an Aperio scanner (Leica, Eindhoven, the 
Netherlands). The analysis took place in a predefined square of 1500x1500 µm, located directly 
under the epidermis. Two observers determined the total area of microvessels by selection of 
the positive signal using the threshold option in NIS elements 3.22 (Nikon, Amsterdam, The 
Netherlands). The vWF positive area was determined in µm2. Further statistical analyses were 
performed using the mean score of these two assessments, which will hereafter be defined 
as microvessel density score (µm2 x 103). Figure 2 shows an immunohistochemically-stained 
section of a scar. 
Statistical analysis
Analyses were performed with SPSS Statistics, version 21.0 (IBM Corp., Armonk, NY, USA). 
We compared continuous outcomes with each other by Pearson’s R. This is the appropriate 
statistical parameter for the continuous level of measurement for two instruments, expressed 
in different units, and a population of n ≥ 30.21 A Pearson’s correlation of >0.6 was considered 
strong, ranging from 0.3-0.6 as moderate, and <0.3 as weak. If a weak correlation was found, 
this was defined as a non-existent association between two measurement techniques. 
We determined all correlations between the three objective tools (i.e. LDI, colorimetry and 
immunohistochemistry). Furthermore, we determined the correlation between the POSAS 
and colorimetry, because these two measurement methods are mostly used in clinical 
practice. To analyze mean blood flow and erythema values in scars compared to healthy skin, 
the Independent Samples Test was performed. If data were normally distributed, the mean, 
standard deviation (SD) and/or 95% confidence interval (CI) were presented. If data were not 
normally distributed, the median and interquartile range (IQR) were given where appropriate. 
All reported p-values are two sided and a value of <0.05 was considered statistically significant.
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Figure 2. Immunohistochemical staining of a scar section with antibodies against von Willebrand Factor: 
a high density of blood vessels is present.
RESULTS 
Demographic data
Between June 2013 and June 2015, 32 patients were included with a mean age of 45.2 years (SD 
16.1). Participants were Caucasian (26/32), Asian (2/32) and Negroid (4/32), and predominantly 
female (21/32). Furthermore, most patients were recruited in the Red Cross Hospital in 
Beverwijk, the Netherlands (29/32). The median age of the scars was 2.0 years (IQR 1.2-4.8). 
Table 1 shows the etiology and location of the scars. 
Table 1. Scar etiology and location.
Value, n Percentage
Scar etiology
- Burns
- Surgical
- Donor site outcome
23
8
1
72%
25%
3%
Scar location
- Trunk
- Upper extremities
- Lower extremities
19
8
5
59%
25%
16%
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Correlation between microvessel density and blood flow 
Figure 3 shows the values of the immunohistochemical analysis in relation to LDI. The 
Pearson’s correlation coefficient was calculated at r = 0.139 (p=0.450), which reflects no 
association between the microvessel density score as determined by immunohistochemistry 
and the blood flow, measured by LDI.  
Correlation between erythema and blood flow 
We found no association between erythema as measured by the DSMII ColorMeter and scar 
blood flow as measured with LDI (r = -0.115, p=0.551), as shown in Figure 4. In Table 2, the 
mean blood flow and erythema values − in scars and healthy skin − are presented. We observed 
a statistically significant difference between the blood flow values in scars compared to healthy 
skin, and also between the erythema values of scars compared to healthy skin (both p<0.001, 
Independent Samples Test). 
Table 2. Blood flow and erythema values in scars and healthy skin.
Mean value (SD) 95% confidence interval of the difference p-value
Blood flow scars, PU 220.4 (141.5)
58.4 – 161.8 < 0.001
Blood flow healthy skin, PU 105.6 (37.3)
Erythema scars 18.7 (4.5)
2.2 – 7.1 < 0.001
Erythema healthy skin 14.0 (4.6)
PU: perfusion units, SD: standard deviation. Statistics: Independent Samples Test.
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Figure 3. Scatterplot of microvessel density score as measured by immunohistochemistry against blood 
flow as measured with LDI: no association was found. Note that the spread of the data was small in 27/32 
patients (blood flow <300 PU and vessel score <40).
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Figure 4. Scatterplot of erythema values as measured with DSMII ColorMeter against blood flow as 
measured with LDI: scar blood flow was not associated to erythema values.
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Figure 5. Scatterplot of microvessel density scores as determined by immunohistochemistry against 
erythema as measured with the DSMII ColorMeter: no association was found.
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Figure 6. Scatterplot of the vascularization scores as obtained by the observer POSAS against the erythema 
difference scores (scar - healthy skin) as measured with the DSMII ColorMeter: a moderate correlation 
between erythema and POSAS vascularization was found. 
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Correlation between microvessel density and erythema 
As shown in Figure 5, we found no association (r = -0.157, p=0.417) between the microvessel 
density score and erythema values (n=29). We expressed the absolute erythema values, as the 
microvessel score was only determined in scars and not in healthy skin.
Correlation between subjective assessment and erythema
Figure 6 shows the POSAS vascularization score as obtained by subjective assessment of the 
observer in association to the erythema difference score (erythema scar – erythema healthy 
skin) (n=29). We used the erythema difference for this plot, because the POSAS score is most 
likely a reflection of the difference between the scar and healthy skin that is perceived by the 
observer. The Pearson’s correlation coefficient was calculated at r = 0.403 (p=0.030), which 
indicates a moderate, statistically significant, correlation. 
DISCUSSION
One of the principal findings of the present study is that we found no association between blood 
flow and microvessel density scores. It appears likely that the LDI-measured blood flow reflects 
a different feature than the microvessel density score determined by immunohistochemistry. 
An explanation for this is that blood flow is a measurement of perfusion (the concentration of 
erythrocytes in the vessels and their speed), whereas microvessel density is constituted by the 
physical presence of small vessels in the biopsy sample. Moreover, Kischer et al. reported that 
most microvessels are (partially) occluded in hypertrophic scars due to an excessive number of 
endothelial cells that bulge into the lumen.22, 23 Consequently, these vessels might be present 
in the sample during immunohistochemical analysis, but their patency as assessed by LDI-
derived blood flow values is declined or absent due to the occlusion. However, we expected 
to find lower blood flow values in scars that contain a lower density of microvessels and vice 
versa, as proposed in previous research.10 In addition to the absence of association between 
blood flow and microvessel scores, we found a statistically significant increase in blood flow 
values of the scars compared to healthy skin. In more detail, LDI showed increased blood 
flow values in 29/32 patients (data not shown). This is in agreement with results of Ehrlich 
and Kelley and Oliveira et al., who found that hypertrophic scars sustain an elevated blood 
flow (also measured by laser Doppler) compared to normal skin.13, 24 Therefore, LDI can be a 
valuable adjunct in the research setting, where it might be useful to monitor scar development 
and/or response to treatment that is directed at lowering blood flow. However, although new 
laser Doppler instruments became available over the last years, we do have to keep in mind 
that the technique has some limitations in terms of feasibility (e.g. costs, assessment time and 
ease of use). Therefore, LDI seems less suitable for the follow-up of scars in daily practice.
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Subsequently, we determined the association between the outcomes of LDI and colorimetry. 
An important question herein is: can we use these measurement techniques interchangeably? 
If blood flow and erythema values correlate excellently, it would be more feasible to use 
colorimetry in clinical practice rather than LDI. However, our results indicated that blood flow 
and erythema values were not correlated. Whereas we observed a wide spread in erythema 
values, the accompanying blood flow values were mostly beneath 300 PU (95% CI 163.5 – 277.3, 
see also Figure 4). A study by Fullerton et al. stated that erythema is determined by the blood 
volume under a given area, and not by the product of erythrocyte velocity and concentration 
as with LDI.25 More erythema (possibly due to higher hematocrit) would then result in a 
more sluggish blood velocity and lower blood flow values. Another explanation may be that 
hypertrophic scars contain an increased number of vessels in the papillary and reticular 
dermis compared to normal skin, and that these vessels are more dilated.6 This may result in 
increased erythema values, but retain blood flow values due to an impaired velocity inherent 
to the larger vessel diameter. In contrast, Mermans et al. found that erythema (measured 
using the Skin-colorimeter expressing L*a*b index values) was associated with blood flow, 
but this correlation was not consistent at different test moments.26 Therefore, they concluded 
that LDI and colorimetry are non-interchangeable measurement techniques. Our data are in 
good agreement with this conclusion, and thus it becomes more and more important to raise 
the question: what exactly is measured by colorimetry? And, how should erythema be defined?
 In the present study, scar color measurements of the DSM II ColorMeter using the 
narrow-band spectrophotometry mode were analyzed, determining color by the reflectance 
of narrowband light in the red (620±30nm) and green (550±30nm) spectrum.18, 19 By this 
means, the two principle pigments that form the color of a scar, hemoglobin and melanin, 
are measured. However, hemoglobin is only detected in its red oxygenated state, while also 
deoxyhemoglobin is present in the capillaries of the dermis. This can be explained by the 
different absorption spectra of oxyhemoglobin and deoxyhemoglobin, which are 660nm versus 
940nm, respectively.27 Therefore, the DSM II measures not all hemoglobin present in the 
capillaries. Accordingly, we can conclude that scar color is a complex characteristic to analyze, 
and that the DSM II-measured erythema is a different feature than the total amount of blood 
present. All aforementioned assumptions lead to an overall conclusion:  
Blood flow  ≠  Presence of microvessels  ≠  Erythema
Nevertheless, as it was previously found by van der Wal et al. that erythema index scores of scars 
reduce significantly within 12 months,28 measuring erythema seems to be useful to monitor the 
progress of scar maturation. In the present study however, we did not find a correlation between the 
age of the scars and erythema scores (data not shown). This can be due to the fact that the mean 
age of the scars was rather high (6.9 years). Possibly, the inclusion of preeminently immature scars 
(≤12 months old) would have led to an association between erythema values and scar age.
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Lastly, we also evaluated the redness of the scars subjectively by the POSAS. This is relevant 
for the clinical evaluation of scars, as patients and clinicians often determine the success rate 
of treatment by the visual appearance of a scar. Moreover, subjective assessment is a simple, 
inexpensive and fast method to evaluate scars. Figure 6 shows the clear tendency that higher 
POSAS vascularization scores (of the observers) are associated with higher erythema scores, 
and we found a statistically significant correlation. The coefficient (r = 0.403) was slightly lower 
compared to previous research.15 However, van der Wal et al. studied a different population 
and performed multiple erythema measurements on each scar, which possibly yielded more 
reliable results and therefore a higher correlation coefficient. When looking into the POSAS 
scores of the patients for the item color, we found the same tendency in terms of correlation 
with the erythema scores, although less evident (data not shown). An explanation for this is that 
besides redness also pigmentation is scored within the patient item color. As a consequence, 
redness only cannot be extracted from these data.
 Interestingly, the observer item of the POSAS that assesses scar redness is described as 
vascularization, as shortly mentioned in the previous paragraph. The accompanying definition 
of this item is: ‘the presence of vessels in scar tissue assessed by the amount of redness, 
tested by the amount of blood return after blanching with a piece of Plexiglas’.29 After the 
current study we feel that this definition remarkably expresses the complexity and the dynamic 
relationship between the different features. However, the definition appears confusing too. The 
mixture of terms can also be found in literature where vascularization is described as scar 
color, blood flow, the presence of microvessels as well as the amount of redness.10, 11, 13, 14, 30-32 
Conform definitions in several dictionaries and physiology textbooks, we would like to propose 
that vascularization is defined as the formation of blood vessels and capillaries in living tissue, 
which reflects a process. The presence of microvessels is a physical result of this process, and 
blood flow fulfils the functional role of perfusion. We underscored that erythema is a complex 
characteristic that may be defined as the level of oxygenated hemoglobin measured at 660 nm. 
Lastly, scar redness is likely to be a derivative of all features that is assessed subjectively. For 
the purpose of clarity, it would be beneficial to provide a detailed description of every feature 
when assessed in research as well as in clinical practice, as we feel that the various scar 
features cannot be generalized into the umbrella term ‘vascularization’.  
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CHAPTER 8 
In vivo polarization-sensitive optical 
coherence tomography of human burn 
scars: feasibility study and quantifying 
birefringence
“Verzin een list” 
(Rob Jaspers –  
naar Marten Toonder)
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ABSTRACT
Background: Obtaining adequate information on scar characteristics is important for 
monitoring their evolution and the effectiveness of clinical treatment. The aberrant type of 
collagen in scars may give rise to polarimetric properties, which can be determined in the form 
of tissue birefringence using polarization-sensitive optical coherence tomography (PS-OCT). 
The aim of this pilot study was to evaluate the feasibility of a handheld probe and custom-made 
PS-OCT system for measuring burn scars in vivo. In addition, the association between PS-OCT 
results and histological collagen calculations was determined. 
Methods: Five human burn scars were measured using PS-OCT. The local retardation caused 
by the tissue birefringence was extracted using the Jones formalism and visualized in two-
dimensional en face maps. To quantify the birefringence, histograms with all significant 
local retardation values were produced for each volume. After imaging, punch biopsies 
were harvested from the scar area of interest, fixed in 4% paraformaldehyde and sent in for 
histological evaluation using Herovici polychrome staining to differentiate between newly 
formed and mature collagen.
Results: The PS-OCT system was feasible for in vivo imaging, due to mobility of the chart, 
the convenient handheld probe, and the collaboration between a physicist and clinician. The 
2D en face maps showed higher birefringence in scars compared to healthy skin, however, 
the quantitative values varied among samples. The Pearson’s correlation coefficient for the 
collagen density as measured by histology in relation to the birefringence values as measured 
by PS-OCT was calculated at r = 0.80 (p=0.105). 
Conclusion: The custom-made PS-OCT system is capable of in vivo imaging and quantifying 
the birefringent properties of human burn scars. The birefringence values were associated 
with collagen density percentages provided by histological evaluation. In the future, it might 
be valuable to perform routine OCT measurements, providing assessment of scar morphology.
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INTRODUCTION
Obtaining adequate information on scar characteristics is important for monitoring their 
evolution and necessary to evaluate the effectiveness of clinical treatments.1, 2 Most of the scar 
characteristics that can be distinguished (e.g. thickness, relief, pliability and surface area/
contraction) are largely affected by the aberrant type of collagen that is present in scars.3-5 
Accordingly, treatment modalities are considered to influence the scar’s morphometry (i.e. 
collagen), and therefore it would be desirable to have a non-invasive imaging device, providing 
absolute structural information on collagen. 
 Optical coherence tomography (OCT) is a low coherence interferometric technique whose 
potential for high resolution imaging (1 to 20 µm) of biological tissue at depths of up to 1 to 2 
mm has been demonstrated in the last two decades.6, 7 With polarization sensitive OCT (PS-
OCT), the polarimetric properties of a sample can be determined. For example, when light 
travels through a birefringent sample with a non-degenerate optic axis, its polarization state 
changes.12 By quantifying this change, the magnitude of the birefringence can be assessed, 
which can be used as a parameter for the differentiation of tissue types. This technique has 
been used to study the morphology of normal and diseased skin.8, 9 Furthermore, wound healing 
has been studied non-invasively by PS-OCT, and in burns, pre-clinical studies were performed 
to detect collagen denaturation in the dermal skin layer, which is a potential optical marker 
due to thermally induced conformational changes.10, 11 Thereafter, PS-OCT was applied in vivo 
to two pediatric burn patients and showed the vasculature and birefringence as parameters for 
characterizing burn wounds.12
 In burn scars, the large quantity of unidirectional aligned collagen fibers in the dermis may 
give rise to strong birefringence,13 which seems therefore a suitable structure to characterize 
with a PS-OCT system.9 Over the last years, a few studies that used OCT for imaging scars 
were published.14-16 Gong et al. suggested that the attenuation coefficient of vasculature-
masked tissue could be used to assess human burn scars.16 In addition, Liew et al. performed 
automatic quantification of the diameter and density of vasculature in hypertrophic scars. They 
showed an increase in the measured density and revealed proliferation of larger vessels in 
these pathological scars.15 
 In this pilot study, we extended these previous results by measuring human burn scars in 
vivo using a handheld probe and custom-made PS-OCT system. Moreover, by analyzing the 
scars also histologically, comparisons between the PS-OCT results and histological collagen 
calculations were made. Accordingly, the aim of the present study was to evaluate the feasibility 
of a clinical-friendly handheld probe and custom-made PS-OCT system, and to determine 
whether the system is suitable to quantitatively assess collagen birefringence in burn scars.  
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MATERIAL AND METHODS 
Study design and patients
An experimental pilot study was performed at the department of Plastic, Reconstructive and 
Hand Surgery of the Red Cross Hospital in Beverwijk, the Netherlands. In order to be eligible 
to participate in this study, a subject must meet all of the following criteria: age ≥18 years, 
suffering from a (hypertrophic) burn scar and scheduled for excision of the scar. The exclusion 
criteria were: a language barrier and/or pregnancy. The latter was determined by a pregnancy 
test in all women prior to scanning. The regional medical ethics committee approved the 
study protocol with registration number M014-033 (NL46182.094.14). In total 5 patients were 
included and all patients gave written informed consent.
OCT Imaging System
In order to provide robust imaging in the clinical setting, a single mode fiber based PS-OCT 
setup was used (Figure 1). The system has been extensively explained in a previous publication 
from our group.17 A swept source laser with central wavelength of 1310 nm (90 nm bandwidth, 
50 kHz sweep rate, Axsun Technologies Inc., Billerica, Massachusetts, USA) was first sampled 
and directed to a fiber Bragg grating whose reflection wavelength matches the initial wavelength 
of the sweep. This provided a stable trigger signal to start the acquisition of an A-line and to 
synchronize the scanning pattern. A tenth of the light was then directed to a reference arm set 
in transmission, while the rest went to the sample arm where a polarization delay unit (PDU) 
time delayed with respect to polarization states orthogonal in the lab reference system.18, 19
XY galvo 
mirrors!
Swept source  
laser@1310nm, 
90nm bandwidth 
      50kHz  
   Axsun Inc. 
FBG 
99/1 
90/10 
Photoreceiver  
New Focus 
PC 
PC 
Photodetectors  
Thorlabs PDB430C 
PDDM 
PBS 
PBS 
PC 
Patient's skin
Figure 1. FBG: fiber Bragg grating; PC: polarization controller; PBS: polarization beam splitter; C: 
circulator; PDDM: polarization diversity detection module; 99/1 and 90/10: fiber-optic couplers with their 
respective coupling ratio. 
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The sample arm included a circulator to deliver the light to the handheld device, composed by 
a collimator, two galvo scanning mirrors and an objective (LSM03, Thorlabs Inc., Newton, New 
Jersey, USA) to focus the light on the skin, all enclosed in a POM-C plastic housing and window 
of N-BK7 glass (Figure 2). A sterile plastic cover (equipment cover 17587, Microtek Medical 
B.V., Zutphen, the Netherlands) covered the whole module when operating the device on the 
patient. The galvo mirrors were driven by analog signals delivered by a home-built controller, 
synchronized with the OCT acquisition trigger signal. Sample and reference arm light were 
finally directed to a polarization diversity detection module, where their recombination gave 
rise to an interference signal whose orthogonal polarization components were separately 
detected by two balanced photodetectors (PDB430-C, Thorlabs Inc.). The signals were digitized 
by a high-speed digitizer (ATS 9350, Alazar Technologies Inc., Pointe-Claire, Canada). The axial 
resolution of the setup has been measured to be 16.4 µm in air, while the lateral resolution 
in the focus is 20 µm, determined by the objective. With a sample arm power of 16 mW and a 
reference arm power of 1.6 mW, a sensitivity of 111 dB was measured on a mirror with a 48.6 
dB attenuator. The scanning region ranged 3 mm x 3 mm, consisting of 250 cross-sectional 
images (in the x-z plane), each comprising 2000 A-lines sampled with 1024 points. The phase 
retardation between orthogonal polarization states caused by the tissue birefringence was 
extracted from the data following the Jones matrix formalism.20 Coherent signal composition 
was used to enhance the signal-to-noise ratio and contrast of both the intensity and phase 
retardation images.17, 21 
Figure 2. (a) Handheld probe components. When in function, an optical fiber was connected to the 
collimator and – together with the electronic cables for driving the galvo mirrors – inserted in an umbilical 
cord. (b) Typical clinical use of the handheld probe. The sterile plastic sheet covered the whole device.
OCT processing
The local retardation caused by the birefringence of the tissue was extracted using the Jones 
formalism, expanding from previous implementations of the algorithm.17 Prior to Fourier 
transform, the average spectrum of each B-scan was subtracted from its spectral A-lines to 
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remove fixed pattern noise, then a cosine window and a correction for the chromatic dispersion 
of the setup was applied in k-space. Subsequently each spectrum was zero-padded to extend 
the digital resolution by a factor of four and finally Fourier transformed. The roll-off of the 
system (3 dB at 5 mm optical path length difference) was compensated by applying a quadratic 
curve to the data in linear scale.
 The two depth-encoded polarization states were separated and superimposed on each 
other by performing a sub-pixel autocorrelation of the OCT spectra. This sequence has been 
repeated for each detector, yielding a total of four complex signals. The global phase of each 
spatial pixel was calculated as the complex sum of its four field components and consequently 
subtracted from each field. This action aligned the components in complex space, therefore 
allowing efficient spatial averaging of the individual fields. A Gaussian-shaped averaging kernel 
with a size of twice the system resolution was applied to each component.
In order to extract the local retardation between the two incident polarization states, we 
measured the phase difference between signals originating from two points separated in depth 
by a distance of 49.3 µm, assuming a tissue refractive index of 1.43. The local retardation was 
calculated as the absolute phase difference between the eigenvalues of a matrix that was 
independent of the optical fiber birefringence of the OCT system itself.22 
 The measured complex electric fields resolved from a certain depth z+∆z can be described 
in the Jones formalism as:
Eout(z+∆z) = Jout Jz
T Jz+∆z 
 Jz Jin Ein
where the bold letters indicate complex matrices. Jin and Jout represent the Jones matrix that 
model the OCT system as a pure retarder, to and from the surface of the sample, respectively. 
Jz indicates the Jones matrix of the sample from its surface to a depth z and Jz
T accounts for the 
return trip. Jz+∆z represents the Jones matrix of the sample between the locations z and z+∆z. 
Finally, Ein defines the input polarization states generated by the PDU, which are represented 
by a unitary matrix in our case. 
 Combining Eout(z+∆z) with a measurement from a shallower depth location z allows to 
eliminate the need of determining the unknown polarization properties of the system itself:
Eout(z) Eout
-1(z+∆z)= Jout Jz
T Jz+∆z 
 Jz
T-1
 Jout
-1
 Jout Jz
T Jz Jin Ein
which can be rewritten as:
Eout(z) Eout
-1(z+∆z)= Jout,z
 Jz+∆z Jout,z
-1
 with Jout,z = Jout Jz
T
If both Jout and Jz are modeled as pure retarders, then the matrix on the left side of the 
equation is algebraically similar to the inner matrix on the right side of the equation; therefore 
sharing the same eigenvalues. This allows to determine the eigenvalues of the matrix Jz+∆z 
by eigenvalue decomposition of the measured quantity Eout(z) Eout
-1(z+∆z). The absolute phase 
retardation between the complex eigenvalues measures the temporal delay induced between 
the non-degenerate polarization states by the sample birefringence. Eventually, the extracted 
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phase difference was averaged in space with a kernel size of four times the resolution in the 
three directions. 
In order to facilitate the work of clinicians not used to the cross-sectional OCT image 
representation, two-dimensional en face maps of the local retardation were produced from 
the three-dimensional scans.23 These have been produced by plotting the median retardation 
value of each A-line, to provide statistical significance to the maps. Finally, to quantify the 
birefringence in the full 3D scan, a histogram with all the significant local retardation values 
was produced for each volume, allowing to compare each scar with its corresponding control 
site, and to the collagen content as quantified by the histological evaluation.
Measurement procedure
Two researchers (MJ and FF) performed the OCT measurements on the same day as the 
scheduled excision of the scar. Prior to imaging, the scar area of interest was marked using 
a permanent marker. The probe was covered with the sterile plastic bag, sterile gel was 
applied on the patient’s scar, and subsequently the probe was gently placed onto the scar. 
The acquisition time of an OCT scan was approximately 60 s per scar. Hereafter, healthy skin 
– serving as a reference standard – was imaged. In total, we acquired ten OCT scans: five burn 
scars and five adjacent controls. After imaging, a punch biopsy of 3 mm in diameter within the 
scar area of interest was obtained. This sample was fixed in 4% paraformaldehyde and sent in 
for histological evaluation.  
Histological evaluation 
After dehydration, samples were embedded in paraffin, cut perpendicular to the skin surface 
on a microtome (5 µm sections), and mounted on glass slides. Of every sample, the middle 
section was used for Herovici polychrome staining to differentiate between newly formed 
and mature collagen.24, 25 Images were taken using a digital camera (Nikon DS-Ri2, Nikon, 
Amsterdam, the Netherlands) mounted on an Axioskop40FL microscope (Zeiss, Badhoevedorp, 
the Netherlands).  Using digital image analysis software (NIS-Elements 4.4, Nikon) we were 
able to select only mature collagen and discard other structures (Figure 3). The analysis took 
place in a predefined square of 1500 x 500 µm2, located at the top of the sample. The collagen 
density of the scars was expressed as a percentage between 0-100%. 
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Figure 3. Example of Herovici polychrome staining (left image) and digital image analysis (middle and 
right image). The digital image analysis software only selects mature collagen (green) and discards other 
structures (black in the middle image and purple in the right image). 
RESULTS
The general characteristics of all subjects included in this study are presented in Table 1. The 
median scar age was 24 months, ranging from 6-30 months post-burn. The collagen density 
of the scars, as determined by histological evaluation using Herovici staining, is also shown in 
Table 1, as well as the scars’ birefringence as assessed by PS-OCT. The mean collagen density 
in the scars was 47.1%, compared to 32.9% in the five healthy skin samples supplied by the 
tissue bank.
Table 1. Patient and scar characteristics, collagen density percentages and birefringence values.
Case / Gender Age of 
patient, 
years
Scar age, 
months
Scar 
location
Collagen 
density scars
Birefringence 
scars, median
Birefringence 
control, 
median
S-01 / F 26 30 Sternum 67.8% 1.55 1.11
S-02 / F 52 6 Axilla 7.8% 0.70 1.14
S-03 / F 52 29 Arm 44.7% 1.21 1.03
S-04 / F 25 7 Neck 43.7% 1.45 1.37
S-05 / M 34 24 Chin 71.3% 1.21 1.27
Note: The birefringence values are presented as differential refractive index, which is dimensionless. 
Values have to be multiplied by 0.001 to get the actual birefringence values.
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The OCT results of a 7-month-old hypertrophic burn scar in a 25-year-old female patient (S-
04) are shown in Figure 4. The scar was caused by a wood fire burn reaching up to the neck 
and face. Figure 4(b) and 4(c) show the 2D en face maps for the scar and the adjacent control 
region, the latter indicated by the dotted circle. These maps show a distinction between the high 
birefringence within the scar (yellow) and low birefringence in healthy skin (blue), accompanied 
with some confined variation. The median scar birefringence in this case was 1.45 compared to 1.37 
for the control region. The scar’s collagen density obtained by histological evaluation was 43.7%.
Figure 4. Birefringence and en face maps of included burn scar (S-04) and adjacent healthy skin. (a) 
Photograph of area of interest. (b) and (c) En face birefringence maps of respectively scar and healthy skin. 
(d) Probability histogram for scar and healthy skin (i.e. control).
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Figure 5 shows a 24-month-old hypertrophic burn scar of a 34-year-old Caucasian male patient 
(S-05). The scar developed after severe facial burn injury caused by a gas explosion in 2013. PS-
OCT scans were performed in the outlined circular regions indicated in Figure 5(a) and (b). Figure 
5(c) and (d) depict the 2D en face maps for respectively the scar and control region located in the 
neck. The birefringence is noticeably higher in the scar (yellow) than in healthy skin (cyan and 
blue). The probability histogram in Figure 5(e) shows the same pattern as in case S-04, a high 
peak at low birefringence values and slightly higher probability at high birefringence values. The 
median scar birefringence was 1.21 compared to 1.26 for the control region in the neck. In this 
case, the collagen density as determined by histological evaluation was 71.3%.
Figure 5. Birefringence and en face maps of included hypertrophic burn scar (S-05) and adjacent healthy 
skin. (a) and (b) Photographs of areas of interest. (c) and (d) En face birefringence maps of respectively scar 
and healthy skin. (e) Probability histogram for scar and healthy skin (i.e. control). 
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Figure 6 shows the collagen density as measured by histology in relation to the birefringence 
values as measured by PS-OCT. The Pearson’s correlation coefficient was calculated at r = 0.80 
(p=0.105), which reflects a trend but no statistically significant correlation. 
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Figure 6. Scatterplot of collagen density percentages determined by histological evaluation against 
birefringence values as measured with PS-OCT.
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Figure 7. (a), (b) and (c) Histological slides after Herovici staining of respectively case S-05, S-04 and S-02. 
Note that in (c), case S-02; the predefined region of interest (yellow rectangle of 1500 x 500 µm) is almost 
entirely covered by granulocytes or inflammatory cells (light purple). This may be an explanation for the low 
percentage (7.8%) of collagen density found in this case. Scale bars: 500 µm. 
DISCUSSION 
In this study we demonstrated the use of a custom-made PS-OCT system for the assessment 
of human burn scars in vivo in a clinical setting. Scar and healthy skin birefringence was 
quantified, and after scar excision, biopsies were sent in for histological evaluation to correlate 
collagen density with PS-OCT established birefringence. The PS-OCT system was able to 
image in vivo, due to mobility of the chart, and the convenient handheld probe provided with a 
long and flexible umbilical cord. The physicist controlled the custom acquisition software while 
the clinician operated the probe. Sometimes the reference arm length needed adjustment, 
as stretching of the optical fiber in the umbilical cord extended the length of the sample arm, 
thereby causing the image to slip out of the ideal imaging delay.
 In this pilot study, we focused on depiction of the dermis in particular (1500 µm in depth 
from the skin surface), since it is hypothesized that most of the birefringence (i.e., the rate 
at which the polarization state of light changes) is caused by the amount of dermal collagen 
formed during the proliferative phase of wound healing. On propagation through the epidermis, 
which is only 50-150 µm, the polarization state shows little change and a lack of birefringence. 
When considering the 2D en face maps, nearly all scars showed higher birefringence (yellow) 
than healthy skin, however, the quantified birefringence values in scars were varying. In 
case S-02, we observed a lower birefringence in the scar compared to the control area. A 
possible explanation may be the age of this scar, which was 6 months, thereby reflecting a 
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relatively immature scar. When looking at details, the histological section of case S-02 shows 
granulocytes or inflammatory cells in the predefined region interest, whereas the collagen 
bundles are situated deeper in the biopsy sample (Figure 7). As a result, both the collagen 
density percentage and birefringence value were low. Hence, it may be suggested that 
birefringence as obtained with PS-OCT is more or less a reflection of collagen maturity. 
Over the years, several measurement tools and scar scales have been developed to assess 
hypertrophic scars.5, 26, 27 In this way, scar evolution can be monitored and the efficacy of 
various treatment strategies could be evaluated. However, these tools or scar scales only 
define the thickness/height or pliability of the scar, thereby providing an indirect measure of 
the amount of dermal collagen. On the other hand, several detailed methods are available, 
thereby quantifying collagen morphometry in terms of geometrical features such as bundle 
thickness and spacing, but this includes invasive histopathological evaluations.28 PS-OCT could 
potentially be used to monitor scar collagen and collagen maturation in a detailed and non-
invasive manner. Furthermore, previous research also suggests conventional OCT to be useful 
to assess acute wound healing in human skin by obtaining the mean grey scale value.7, 29
 In this pilot study, we experienced some challenges related to the complexity of the 
measurements. It is challenging to exactly align the OCT images with the histological slides. 
Although the position of the OCT probe can be marked on the patient, thereby ensuring that 
the direction of the B-scans in the x-z plane can be traced back, it is rather difficult to mark 
the small biopsy sample and to cut 5 µm sections in the identical direction. Moreover, as the 
OCT probe was held by hand, slight movements must have occurred during imaging, as well as 
small unintentional motions due to respiration and pulsation. Solutions have been previously 
proposed, such as fixing the scan head to the patient,30 yet, this may introduce additional patient 
discomfort. Furthermore, as the collagen density varies among different anatomical areas,31 it 
seems best to interpret birefringence values in relation to healthy skin, rather than absolute 
birefringence scar values. In our study, we measured adjacent skin, in order to minimize the 
influence of variation. Maybe the exact contralateral area would even be more suitable, but in 
patients with extensive burn scars it is frequently challenging to find a control area, as most of 
the body surface area can be affected by scarring. Therefore, we aimed to select an adjacent 
control area that reflected the anatomical place of the scar best. Lastly, the imaging depth of 
OCT is limited to the most superficial 1.5 mm of the scar, whilst the biopsies showed a dermal 
scar thickness of 3-4 mm. It is acknowledged that the PS-OCT calculations are therefore not 
covering the entire scar. Nevertheless, as earlier emphasized, the superficial dermis appears 
to provide valuable information on the scar’s maturity. 
In conclusion, our custom-made PS-OCT system is capable of in vivo imaging and quantifying 
the birefringent properties of human burn scars. The birefringence values were associated 
with collagen density percentages provided by histological evaluation. Future work has to be 
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performed to be able to study human hypertrophic scars longitudinally, thereby requiring less 
time for data processing and interpretation. In the future, it might also be valuable to perform 
routine OCT measurements, providing assessment of wound morphology. Based on this pilot 
study, PS-OCT could be a useful tool to apply in future research or clinical practice, offering a 
new parameter containing information on scar collagen.  
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CHAPTER 9 
Perforator-based interposition flaps 
perform better than full thickness  
grafts for the release of burn scar  
contractures: a multicenter randomized 
controlled trial
“Ultimately, randomized 
registry will replace 
randomized trials”  
(dit proefschrift)
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ABSTRACT
Background: Burn scar contractures remain a significant problem for the severely burned 
patient. Reconstructive surgery is often indicated to improve function and the quality of life. 
Skin grafts (preferably full thickness grafts) are frequently used to cover the defect that remains 
after scar release. Local flaps are also used for this purpose and provide, besides healthy skin, 
subcutaneous tissue. The vascularization and versatility of local flaps can be further improved 
by enclosing a perforator at the base of the flap. Until now, no randomized controlled trial (RCT) 
has been performed to determine which technique has the best effectiveness in burn scar 
contracture releasing procedures. 
Materials and Methods: A multicenter RCT was performed to compare the effectiveness of 
perforator-based interposition flaps to full thickness skin grafts (FTSGs) for the treatment of 
burn scar contractures. The primary outcome parameter was change in the surface area of the 
flap or FTSG. Secondary outcome parameters were width, elasticity, color, POSAS, and range 
of motion. Measurements were performed after 3 and 12 months.
Results: The mean surface area between flaps (N=16) and FTSGs (N=14) differed statistically 
significant at 3 months (123% vs. 87%, p<0.001) and 12 months (142% vs. 92%, p<0.001). In 
terms of the secondary outcome parameters (specifically the POSAS observer score and color), 
interposition flaps showed superior results to FTSGs.
Conclusions: Perforator-based interposition flaps result in a more effective scar contracture 
release than FTSGs and should therefore be preferred over FTSGs when possible. 
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INTRODUCTION 
Burn scar contractures remain a significant problem in severely burned patients.1 Patients 
suffering from these contractures often experience considerable limitations in daily life. 
Therefore surgical treatment is often necessary.2 Many treatment regimens are available for 
burn scar contracture release. A recently performed systematic review, however, showed that 
it is still unclear which technique is the most effective treatment.3 In clinical practice, wide 
scar contractures are regularly treated with a skin graft, which is preferably full thickness (full 
thickness skin graft, FTSG).4 However, their effectiveness in terms of re-contraction has never 
been objectified in burn patients. The available studies on the contraction rate in other patient 
groups show that FTSGs have the tendency to re-contract, which could result in partial or total 
recurrence of the initial problem in burn patients.5, 6 
 Ideally, tissue that does not contract and will grow with the patient is used for the release 
of scar contractures. For this purpose, locally available tissue is preferred because it provides 
tissue of superior quality and contains healthy adjacent skin and subcutaneous fat. The safety 
and versatility of local flaps can be improved by incorporating a perforator bundle. This means 
that the vascular supply (an artery with concomitant veins) is secured, which is illustrated in 
Figure 1. The discovery that perforators are dispersed throughout the body,7-10 has led to the 
development of many perforator-based flaps in specific regions of the body.11, 12 For example, 
the thoracodorsal artery flap in the breast-axilla region,13, 14 and the cervical artery flap in the 
neck region.15, 16 
Figure 1. Illustrates the concept of incorporating a perforator in a local flap. In the left image a local flap is 
designed disregarding the location of the perforator. The grey area represents subsequent necrosis. In the 
middle, the perforator is localized and the flap is designed in such a way that it incorporates the perforator 
bundle. The flap may be non-islanded (middle) or islanded (right). 
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Burn scar contractures occur almost on all body sites, also on locations at where well-known 
perforators are not available for reconstructive purposes. The so-called ad hoc perforator-
based flap may provide a solution here.17 These flaps are based on any perforator adjacent to the 
contracture that is capable of sufficient blood supply. In a cohort study that was published by our 
group in 2011, an algorithm was presented describing the use of perforator-based interposition 
flaps for the treatment of large scar contractures.18 Follow-up measurements of the surface 
area of these flaps were performed and showed an expansion of 116% after a mean follow-up 
period of 7.8 months.18 Moreover, two other studies showed that no revision surgery is required 
with the use of this type of flaps for the reconstruction of scar contractures.17, 19 Hence, the use 
of perforator-based interposition flaps for the treatment of scar contractures points towards 
favorable results. The implications by means of a randomized controlled trial (RCT) however, 
have yet to be determined. For this reason we performed an RCT in which the effectiveness of 
perforator-based interposition flaps was compared to FTSGs for the release of scar contractures. 
MATERIALS AND METHODS
Study design and randomization
An open randomized controlled trial was conducted to evaluate the effectiveness of perforator-
based interposition flaps compared to FTSGs for scar contracture release. Recruitment took 
place in two burn centers in the Netherlands (the Red Cross Hospital in Beverwijk and the 
Martini Hospital in Groningen). All patients gave written informed consent. The study protocol 
was approved by the national medical ethics committee (M010-070) and registered at clinical 
trials (no. NCT01409759). This study could not be blinded because the treatment allocation was 
clearly recognizable by both the patient and the observer.
 Patients were randomly assigned to receive either treatment with a perforator-based 
interposition flap, which will be referred to as flap from now on, or a FTSG. Block randomization, 
stratified per center, was applied with a randomization ratio of one-to-one to ensure balance of 
the numbers in each treatment group. To prevent anticipation on the randomization sequence, 
block sizes of 6 and 4 were used. The order of the blocks was determined with a random numbers 
table.20 To ensure allocation concealment, sequentially numbered opaque sealed envelopes 
were used. To avoid differences in preoperative work up (including wound bed preparation), the 
randomization took place during the operation procedure (before releasing the contracture).
Patients
We enrolled patients of 18 years and older with an indication for release of a wide scar 
contracture. Only patients that had sufficient tissue for a flap were eligible. In addition, patients 
had to be able to give informed consent. Scars on the face and scalp were excluded. 
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Surgical procedures
In both groups, the location of suitable perforators was assessed preoperatively using Doppler 
(Huntleigh Dopplex D900, Cardiff, UK) or Duplex (iU22 Duplex with a L17-5 transducer, Philips, 
Eindhoven, The Netherlands). Using this approach, we assured that both groups received a 
uniform preoperative work up, thereby limiting expectancy bias. Presence of scar tissue in the 
flap or graft was documented.
 Once a flap was allocated, we applied the algorithm that was previously published by 
Verhaegen et al.18 In this algorithm, the flap is preferably pedicled resulting in a non-islanded 
flap, meaning that the skin base is left intact. If the vascularization of the flap appeared to be 
compromised in the intended position, the flap was converted to an islanded flap. This was 
primarily a clinical decision that allowed for greater angles of rotation where necessary. The 
predesigned flap was incised and consisted of cutis and subcutis, hereby preserving the dermal 
vascular plexus. The flap was mobilized and the viability of the flap was assured in the intended 
position. If the flap remained viable, it was sutured using subcutaneous and intracutaneous 
absorbable polyglactin sutures respectively (Vicryl™ 2-0 and Vicryl™ 4-0, Ethicon Johnson and 
Johnson, USA). The donor site was closed primarily. Figure 2 and Figure 3 show two examples 
of flaps (non-islanded and islanded, respectively). 
 In case a FTSG was allocated, the incisions were made following the design. The donor 
site was chosen at the same location as where the flap would have been sited. Subsequently, 
the skin - together with a thin layer of subcutaneous fat - was harvested. Defatting of the 
subcutaneous tissue was performed to facilitate survival of the graft. The graft was fixated 
using resorbable sutures (Vicryl Rapide™ 3-0, Ethicon Johnson and Johnson, USA) and a tie-
over was applied that was removed after seven days.
Figure 2. Example of a 23-year-old patient with a contracture of the head-neck region. A non-islanded 
perforator flap was performed (left). The photograph on the right represents the flap at a follow up period 
of 3 months. 
CHAPTER 9
174
Figure 3. Example of an islanded perforator flap in the neck region of a 56-year-old patient. The photograph 
on the left shows the flap at 1 week postoperative, the photograph on the right at 3 months postoperative. 
Primary outcome parameter
The primary outcome parameter was the surface area of the flap or graft after a follow-up 
period of 3 months and 12 months. This is the most genuine and accurate parameter because 
it is the least influenced by external factors (such as joint stiffness). To measure the surface 
area, planimetry was performed by tracing the boundaries of the flap or graft on a transparent, 
pliable sheet that was subsequently digitized. Planimetric measurements were performed 
digitally (NIS-elements AR 2.6, Nikon, Amstelveen, the Netherlands). This is a reliable and 
valid measurement method.21
Secondary outcome parameters
Necrosis
Necrosis was defined as a disorder in wound healing resulting in an unhealed wound after 3 
weeks. The surface area of necrosis was measured according to the digital tracing method 
described above.
Width of the flaps 
The width of the flaps was measured on a transparent sheet as described previously.18 In 
short, the width of the non-islanded flaps was measured by drawing a line between both arms 
of the flap: from the end of the short arm, perpendicular on the long arm. The width of the 
islanded flaps was assessed by measuring the distance between the long arms at the center of 
rotation.18 The width of the FTSGs was measured in the center of the graft. 
Elasticity and Color
Elasticity measurements were performed using the Cutometer® (Courage & Khazaka GmbH, 
Cologne, Germany), which is a reliable and valid instrument for the evaluation of skin elasticity.22 
The Cutometer® provides several elasticity parameters, of which the parameter elasticity 
(Ue) was used. This single parameter was shown to sufficiently represent the elasticity of 
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the tissue.22 Color measurements were performed by the DermaSpectrometer, a validated 
assessment tool for skin erythema (Cortex Technology, Hadsund, Denmark).14 The results of 
the DermaSpectrometer represent the extent of color deviation from normal skin. Three to 
five measurements of the flap or graft were taken, depending on the size of the flap or graft, 
according to a predefined measurement protocol (Figure 4). The mean of these measurements 
was used for further analysis. 
POSAS
Subjective scar assessment was performed by means of the POSAS,23 a reliable and valid scar 
assessment tool that consists of two parts; the patient and the observer scale, that numerically 
scores 6 items on a 10-point rating scale, in which a score of 10 reflects the worst imaginable 
scar.24 A mean score of the observer and the patient was calculated by averaging the 6 separate 
item scores. 
Range of motion 
Range of motion was measured in degrees using goniometry according to a standard 
measurement protocol.3 In case motion was limited in more directions, the mean of the 
measured range of motions was used for further analysis. 
5	  
4	  
1	  
2	  
3	  
Figure 4. Example of a flap on the left upper arm. According to the standardized measurement protocol, 
the measured surface area is divided by drawing a line through the horizontal and vertical axis of the 
surface area. Point 1 was measured at the intersection of these lines. Points 2, 3, 4 and 5 were measured 
halfway from the intersection to the borders of the surface area. 
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Measurement points
Preoperatively, we performed scar elasticity, scar color, POSAS and range of motion 
measurements, to retrieve baseline data of the contractures. The surface area, width and 
percentage of scar tissue included in the flap or graft were measured immediately after surgery. 
Postoperative complications were also registered. After 3 weeks, an experienced plastic 
surgeon evaluated the presence of necrosis and performed surface area measurements. After 
3 and 12 months, an independent researcher assessed the following outcome parameters: 
surface area, width, elasticity, color, POSAS, and range of motion.
Power analysis and statistics
We performed an a priori power analysis (G*Power 3 version 3.0.3.) to estimate the required 
sample size. For the power analysis, the results of Stephenson et al. and Verhaegen et al. were 
used.5, 18 Stephenson et al. documented a decrease in mean surface area of full thickness grafts 
to 62%.5 Verhaegen et al. demonstrated an increased surface area of 116% for perforator-
based interposition flaps.18 In the current study, we considered a remaining surface area of 
100% (no contraction) as a clinically significant outcome for the interposition flaps. Therefore, 
100% was selected in the power-analysis. The power was set at 0.80 and alpha at 0.05. A 
sample size of 13 patients per group was calculated. However in anticipation of a dropout rate, 
a sample size of 15 patients per group was chosen.
 Statistical analysis was performed using SPSS Statistics version 22.0 (IBM Corp., Armonk, 
NY, USA). Normal distribution was tested by calculating the skewness and kurtosis, evaluating 
frequency histograms, and performing the Shapiro-Wilk test. This was done for each parameter 
at each measurement point. Significant differences between independent data were tested 
using the independent t-test (in case of a normal distribution) or the Mann-Whitney U (MWU) 
test (in case of a non-normal distribution). To compare categories (POSAS outcomes) for 
independent data, the Chi-Square test was used. For paired data, the paired t-test was used 
(normal distribution) or the Wilcoxon signed ranks test (non-normal distribution). The two-
tailed significance criterion was set at 0.05. 
RESULTS
Baseline characteristics
Patients were recruited from July 2011 until January 2014. Figure 5 represents a flow diagram 
that shows the progress through the phases of the trial. Baseline characteristics are presented 
in Table 1. 
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Table 1. Baseline demographic and clinical characteristics of both treatment groups. 
Characteristics Flaps
N=16
FTSGs
N=14
p-value
Male/Female 8/8 7/7 -
Age patient, mean (SD) 49 (19) 39 (21) 0.1831
Smoker 2 3 0.4642
Location Head/neck 4 5 -
Arms 5 4 -
Legs 0 1 -
Back/Thorax 5 3 -
Abdomen 2 1 -
Color, mean (SD) 8.9 (4.3) 6.3 (2.9)* 0.0711
Elasticity, mean (SD) 0.7 (0.3) 0.6 (0.4)* 0.7753
POSAS observer score, mean (SD) 3.6 (0.8) 4.0 (1.1) 0.2541
POSAS patient score, mean (SD) 5.1 (1.5) 5.9 (1.3)* 0.1511
Range of Motion in degrees (SD) 84 (56)** 92 (75)* 0.9763
* refers to N=13; preoperative elasticity, color, range of motion measurements and subjective patient score 
of one patient are lacking. ** refers to N=15; one perforator-based interposition flap was located at the 
abdomen and did not involve any motion, nor restriction of motion. 1=Chi-square test 2=Independent t-test, 
3= Mann-Whitney U test.
No statistically significant differences were found between the two groups. All patients suffered 
from post burn scar contractures. One patient had a history of diabetes mellitus. In 9 out of 16 
perforator-based interposition flaps and 3 out of 13 FTSGs, supple scar tissue was included with 
a mean surface of 29% and 20%, respectively (p=0.141, MWU test). No correlation between the 
inclusion of scar tissue and the incidence of necrosis (p=0.351, MWU test) or area of necrosis 
(p=0.681, MWU test) could be demonstrated. In 14 out of 16 perforator-based interposition 
flaps the base was left intact. 
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Figure 5. Flow chart of the numbers of patients that were included and measured throughout the course 
of the study. 
Differences between flaps and FTSGs 
Figure 6 shows the primary outcome parameters and corresponding p-values. After a mean 
follow-up period of 3.1 months (SD: 0.7 months), the surface area of the perforator-based 
interposition flaps increased to 123%, whereas the surface area of the FTSGs decreased to 87% 
(95% confidence interval of the difference -52.76 to -18.65, p<0.001, independent t-test). After 
a mean follow-up period of 12.5 months (SD: 0.9 months), the surface area of the perforator-
based interposition flaps increased to 142%, whereas the surface area of the FTSGs decreased 
to 92% (95% confidence interval of the difference -75.84 to -23.35, p<0.001, independent t-test). 
19
PERFORATOR-BASED INTERPOSITION FLAPS FOR THE RELEASE OF BURN SCAR CONTRACTURES
179
Figure 6. Bar chart representing the change in surface area (%) of the perforator flaps and FTSGs after 3 
and 12 months. Accompanying p-values are shown behind the braces.
The results of the secondary outcome parameters are shown in Table 2. The width of the flaps 
was significantly larger than the width of the FTSGs after both 3 and 12 months. Furthermore, 
the mean POSAS score by the observers was significantly lower (i.e. better in terms of scar 
quality) for the flaps compared to the FTSGs after both 3 and 12 months. Also, the POSAS 
score by the patients was better at 3 and 12 months in the flap group, although not statistically 
significant. The color difference between flaps and normal skin was lower than for FTSGs. 
No statistically significant differences were found in terms of elasticity, measured with the 
Cutometer® between the two interventions at both follow-up points.  
Range of motion  
In the flap group, the range of motion increased from 84 degrees to 95 degrees (p=0.012, 
Wilcoxon signed ranks test) after 3 months and to 96 degrees (p=0.041, Wilcoxon signed ranks 
test) after 12 months. In the FTSG group the range of motion increased from 92 to 98 degrees 
(p=0.074, Wilcoxon signed ranks test) after 3 months and to 104 degrees (p=0.114, Wilcoxon 
signed ranks test) after 12 months.
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Table 2. Results of the secondary outcome parameters, measured 3 and 12 months postoperative. 
Secondary outcome parameters Flaps
N=16
FTSGs
N=12*
95% confidence 
interval of the 
difference
p-value
Difference width flap/graft in percentage after 3 
months, mean (SD) 
124% (19) 95% (11) -40.95 to -17.69 <0.001
Difference width flap/graft in percentage after 12 
months, mean (SD)
120% (20) 90% (19) -75.84 to -23.35 0.001
POSAS observer score after 3 months,  
mean (SD)
1.9 (0.6) 2.4 (0.6) 0.03 to 0.96 0.040
POSAS observer score after 12 months,  
mean (SD)
1.8 (0.5) 2.8 (1.4) 0.18 to 1.78 0.019
POSAS patient scar score after 3 months,  
mean (SD)
3.0 (2.1) 3.7 (1.6) -0.73 to 2.16 0.319
POSAS patient scar score after 12 months,  
mean (SD)
2.8 (2.0) 3.5 (1.6) -0.89 to 2.10 0.409
Color after 3 months, mean (SD) 3.7 (3.0) 8.3 (2.8) 2.30 to 6.93 <0.001
Color after 12 months, mean (SD) 2.9 (2.7) 8.1 (4.6) 2.23 to 8.17 0.001
Elasticity after 3 months, mean (SD) 1.2 (0.4) 0.9 (0.7) -0.75 to 0.11 0.134
Elasticity after 12 months, mean (SD) 0.8 (0.3) 0.8 (0.4) -0.28 to 0.29 0.969
The independent t-test was used to calculate the differences. * N=12 because one FTSG was subject to 
complete necrosis and in one subject secondary outcome measurements are lacking.
Complications
All flaps survived. However, in the FTSG group one graft was subject to complete necrosis. 
This FTSG required revision surgery. Because the primary outcome as well as the majority 
of the secondary outcomes could not be measured to any further extent, this patient was 
subsequently excluded from further analysis. A mean percentage of necrosis of 6% was found 
for the flap group and 17% for the FTSG group (p= 0.208, MWU test). In the patient that suffered 
from diabetes mellitus, the flap was vascularly compromised 5 days after the operation. The 
tip became necrotic and the flap was surgically trimmed 9 days after the initial procedure. The 
initial surface area measurement and consecutive follow-up measurements were performed 
from that moment on. 
DISCUSSION
This is the first RCT that investigated the efficacy of perforator-based interposition flaps for 
the treatment of burn scar contractures. The long-term results showed convincingly that flaps 
perform better than FTSGs in providing a safe and effective tool to sustainably release burn 
scar contractures. We observed an increase in surface area of the flaps to 123% after 3 months 
and a further increase to 142% after 12 months. On the other hand, FTSGs showed a significant 
contraction; the remaining surface area decreased to 87% after 3 months. After 12 months, the 
p=0.003*
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surface area of the FTSGs slightly increased to 92% but was still contracted. The mean surface 
area differences between the two interventions were statistically significant at 3 and 12 months 
(p<0.001 at both follow-up moments). The results of this RCT strengthen the conclusions from 
our pilot study that was previously published.18 In that study, which described the safety and 
versatility of perforator-based flaps for the reconstruction of scar contractures, an increase 
in surface area was found.18 Again, we found that the size of the flaps increased with time. 
This finding merits to be highlighted and shows the sustainability of the technique for scar 
contracture releasing.
 In the present study, the range of motion improved significantly in the flap group after both 
3 and 12 months. Additionally, the FTSG group showed improvement in the range of motion, 
however without being statistically significant. Although both ’range of motion’ and ‘surface 
area’ are important outcome parameters, we considered surface area to be more appropriate 
as primary outcome parameter because the range of motion is influenced and confounded by 
factors such as stiffness of the joints or contractures in other directions. For this reason, and 
because range of motion was measured on different locations with diverse ranges (for example 
neck vs. shoulder), it is in our opinion not appropriate to perform an analysis between the two 
intervention groups. Nevertheless, the results concerning the range of motion support the 
results of the primary outcome parameter.
 Other studies on the effectiveness of perforator-based interposition flaps for burn scar 
contracture release demonstrated favorable results. However, in those studies both objective 
outcome measures and control treatment groups were lacking.17, 19 The difference in contraction 
rate between the two interventions can be explained by the following hypothesis: after a release 
of a burn scar contracture, a considerable defect is generated because of the substantial forces 
that are exerted in the contracture by the contractile properties of the scar. The created wound 
bed has the tendency to contract again and the interpositioned tissue (the FTSG or flap) is subject 
to this contraction process. In contrast to FTSGs, flaps contain subcutaneous fat tissue. It may 
be hypothesized that the subcutaneous fat acts as a functional sliding layer to prevent the flap 
from adhering to the underlying wound bed, thereby making it less susceptible to contraction. 
The presence of subcutaneous fat tissue may also explain the fact that the flaps were found to be 
more similar to normal skin, as was shown by the secondary outcome parameters.
 The treatment algorithm that was used in the present study provides a step-wise approach 
for the surgical treatment of scar contractures.18 It implies that the base of the interposition 
flap is left intact, requiring that the flap is not vascularly compromised. The intact skin pedicle 
supports the blood supply and the venous outflow and, in addition, no unnecessary scar is 
created. However, when the angle of rotation is too large, the flap should be islanded to 
prevent an unalterable dog ear and/or a compromised vascularization caused by torsion of 
the perforator bundle. In this study, conversion to an islanded flap was often not necessary (in 
only 2 out of 16 interposition flaps), so 14 flaps benefitted from an intact skin base. The option 
to convert the peninsular flap into an insular flap makes this algorithm extremely versatile. 
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The safety of the perforator-based interposition flaps was particularly underlined by the lower 
rate of necrosis compared to FTSGs: 6% compared to 17%. Moreover, one FTSG was subject 
to complete necrosis and needed a re-operation. Although we presume that incorporating 
the perforator bundle in the interposition flap enhances its safety, we did not prove that the 
perforator we detected preoperatively, is responsible for the perfusion of the flap. For that 
purpose we should have dissected the perforator bundle from its surrounding fat tissue. In 
flaps where the skin base is left intact this is unnecessary and should be discouraged because 
it may cause unwarranted damage to the perforator bundle. 
 Since local interposition flaps are more effective, safe and versatile, they should be 
preferred over FTSGs for the treatment of scar contractures. One limitation of perforator-
based interposition flaps is that sufficient adjacent healthy skin has to be available. However, 
inclusion of a certain amount of supple scar tissue is possible. In this study, the majority of 
the flaps (9/16) contained some scar tissue, with a mean surface area of 30%. We did not 
observe differences in the rate of necrosis and the surface area between flaps that contained 
scar tissue and flaps that consisted completely of healthy tissue. For the future we anticipate 
that interposition flaps based on a perforator will become a keystone in reconstructive burn 
surgery. Because this intervention is relatively easy to perform and has proven to be safe and 
effective, these flaps may provide a sustainable solution to other challenges such as acute 
burns in functional areas or large defects that are preferably not closed with a skin graft. 
CONCLUSIONS
This RCT demonstrated that perforator-based interposition flaps result in a more effective scar 
contracture release than FTSGs. Therefore, in scar contracture releases where both techniques 
are interchangeable, we advocate the use of a perforator-based interposition flap over a FTSG.
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CHAPTER 10 
Effectiveness of autologous fat  
grafting in adherent scars:  
results obtained by a comprehensive 
scar evaluation protocol
“A small but functional 
layer of subcutaneous fat 
can be reconstructed by  
autologous fat grafting, 
providing a new treatment 
option for patients with  
adherent scars after 
severe wounding”
(dit proefschrift)
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ABSTRACT
Background: Nowadays, patients normally survive severe traumas such as burn injuries and 
necrotizing fasciitis. Large skin defects can be closed but the scars remain. Scars may become 
adherent to underlying structures when the subcutical fat layer is damaged. Autologous fat 
grafting provides the possibility to reconstruct a functional sliding layer underneath the scar. 
Autologous fat grafting is becoming increasingly popular for scar treatment although large 
studies using validated evaluation tools are lacking. We therefore objectified the effectiveness 
of single treatment autologous fat grafting on scar pliability using validated scar measurement 
tools. 
Methods: Forty patients with adherent scars receiving single-treatment autologous fat grafting 
were measured preoperatively and at 3-month follow-up. The primary outcome parameter 
was scar pliability, measured using the Cutometer. Scar quality was also evaluated by the 
Patient and Observer Scar Assessment Scale and DSM II ColorMeter. To prevent selection bias, 
measurements were performed following a standardized algorithm. 
Results: The Cutometer parameters elasticity and maximal extension improved 22.5% 
(p<0.001) and 15.6% (p=0.001), respectively. Total Patient and Observer Scar Assessment Scale 
scores improved from 3.6 to 2.9 on the observer scale, and from 5.1 to 3.8 on the patient scale 
(both p<0.001). Color differences between the scar and normal skin remained unaltered. 
Conclusions: For the first time, the effect of autologous fat grafting on functional scar 
parameters was ascertained using a comprehensive scar evaluation protocol. The improved 
scar pliability supports our hypothesis that the function of the subcutis can be restored to a 
certain extent by single treatment autologous fat grafting.
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INTRODUCTION
The practice of burn care has changed significantly over the last years. Due to substantial 
advances in the acute management, the focus has shifted to lifelong outcomes, rather than 
short-term objectives such as survival.1, 2 In line with this development, scar management must 
continue to evolve because only then we can meet the standards of quality of life. Already many 
efforts have been made to improve the quality of scars (e.g. dermal substitutes and application 
of autologous epidermal cells). However, in terms of the functional scar quality, it seems that 
the important role of the subcutis has been overlooked for a long time. The subcutis serves 
several functions that are widely known: endocrinological functions such as energy storage and 
thermoregulation via insulation, and the physical function by means of protective padding.3, 4 
But, the subcutis is also effective as a sliding system providing autonomy between the skin and 
underlying structures (e.g. muscles, tendons, lymphatic and neurovascular system).5 Typically, 
the importance of the subcutis for the functional scar quality can be best illustrated by the poor 
outcome and problems once this layer is destroyed.
 In various pathological conditions, such as necrotizing fasciitis or degloving injury, the 
subcutis is completely destructed by respectively the invasiveness of bacteria or the trauma 
itself. Moreover, in severe burns, the impact of the heat may also reach through the dermis 
into the subcutis. In all these cases, the necrotic tissue has to be surgically removed up to the 
muscle fascia, and the skin is most often restored by autologous split-thickness skin grafts.6 
However, the resulting scar will become adherent to the underlying structures because the 
sliding layer is missing. As a result, the scar function is impaired and patients suffer from 
scar stiffness and a limited range of motion.7 In addition, patients may complain about pain or 
friction because the mechanical tension generated by muscular activities is directly transmitted 
to the scarred skin. Even if the subcutis is partly intact, the function may be impaired because 
of extensive fibrosis. 
 Over the last years, autologous fat grafting has become increasingly popular for many 
indications, such as breast reconstruction after cancer treatment, rejuvenation and congenital 
malformations.8-11 A number of important advantages are attributed to autologous fat: it is 
biocompatible, inexpensive, and easily obtainable in large amounts with minimal morbidity.12 
Until now, promising results such as reduction of scar stiffness, pain and improvement of 
subjective scores have been published on the use of autologous fat grafting in problematic and 
adherent scars.13-15 Nevertheless, data demonstrating clinical effectiveness can be expanded 
and improved by an adequate series and by the quality of the outcome parameters. This 
was also recently stated in a systematic review on the use of autologous fat grafting for the 
treatment of scar tissue.16 Therefore, the aim of this study was to measure the effectiveness of 
autologous fat grafting in patients with adherent scars using a comprehensive scar evaluation 
protocol. 
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MATERIALS AND METHODS
Study design and patients
A prospective study with intra-individual follow-up was performed. Consecutive patients (≥18 
years) with an adherent scar were eligible to participate. The most common cause was a burn 
scar resulting from fascial excision and subsequent split-thickness skin graft transplantation. 
Scars that resulted from a necrotizing fasciitis or degloving injury were included as well. From 
June 2014 until July 2015 patients were included in the Red Cross Hospital in Beverwijk, the 
Netherlands. Patients were recruited in the Plastic and Reconstructive surgery outpatient 
clinic. The regional Medical Ethics Committee approved the study protocol and agreed that 
this study did not fall under the scope of the Medical Research involving Human Subjects Act 
because patients were not subjected to specific actions, and/or were not dictated to activities 
as stated in the Act. However, in the light of the Declaration of Helsinki, written informed 
consent was obtained from all patients. 
Scar measurement procedure
The scar area that was selected for fat grafting was determined and marked before surgery. 
Subsequently, the entire area was subjected to the Patient and Observer Scar Assessment 
Scale (POSAS) by the patient and two observers. The scores assessed by the observers were 
averaged to address potential bias and to obtain the most reliable results. To prevent selection 
bias within the scar, the objective pliability and color measurements were performed on five 
locations following a standardized algorithm used in previous clinical studies (Figure 1).16 The 
average score of these five scar measurements was used. Measurements were performed 
within 24 hours before surgery and exactly the same locations − using the standardized 
algorithm and normal photographs as a reference − were evaluated at 3-month follow-up.
Scar assessment tools
The primary outcome parameter was scar pliability, objectively measured using the Cutometer 
(Skin Elasticity Meter 575, Courage and Khazaka GmbH, Cologne, Germany).17 The Cutometer 
measures the vertical deformation of the skin in millimeters into the circular aperture of the 
probe (ø 6 mm) after a controlled vacuum. In this study, a vacuum load of 450 mbar was applied 
for 1 s, followed by 1 s of normal pressure. We used two Cutometer parameters that were 
previously shown to be the most reliable: elasticity and maximal extension.17 
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Figure 1. Standardized algorithm for objective pliability and color measurements. The scar is divided by 
drawing a line on the horizontal and vertical axis. Measurement point 1 is located at the intersection of both 
lines. Points 2-5 are located halfway from the intersection to the edge of the scar.
In addition, scars were evaluated by the valid and reliable POSAS.18-20 This questionnaire 
consists of two separate six-items scales that are both scored on a 10-point rating scale. A 
lower score correlates with a better scar, where 1 resembles normal skin and 10 resembles 
the worst imaginable scar. The observer (i.e. clinician/researcher) scores are vascularity, 
pigmentation, thickness, relief, pliability, and surface area. The patient scores are pain, itch, 
color, pliability, thickness, and relief.21 
 Scar color was further evaluated using the objective DSM II ColorMeter (Cortex Technology, 
Hadsund, Denmark).19, 22 Healthy skin at the contralateral side of the body was measured as a 
control. If this site was also marked by scarring, healthy skin adjacent to the scar was selected. 
Color results were expressed as the absolute difference between healthy skin and scar. In 
this way, season-related influence of sun exposure on the erythema and melanin scores was 
eliminated. 
Autologous fat grafting
Fat source and harvesting 
Fat grafting was performed under general or regional anesthesia. The procedure started by 
making a small incision in the donor area (abdomen, flanks, or thighs) to apply tumescence. 
The tumescence solution was composed of 500 ml of 0.9% sodium chloride, 20 ml of 1% 
Xylocaïne, and 1:200,000 IU adrenalin, and was injected with a blunt cannula containing several 
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small holes. Fat tissue was obtained using a 3-mm two-hole Coleman harvesting cannula 
attached to a 10-ml Luer-Lock syringe.9 Manual suction was performed with gradual negative 
pressure. 
Fat processing 
The syringes filled with fat were centrifuged at 3000 rpm (1200 g) for 3 minutes (MediLite 
Centrifuge; Thermo Fisher Scientific Inc., Waltham, Mass.), separating the fat into an upper oil 
layer, a middle layer of primarily usable fatty tissue, and a bottom layer of blood and tumescent 
solution. First, the cap was removed from the Luer-Lock syringe to eventuate the bottom layer. 
Second, the upper layer was removed by decanting the oil, and subsequently the remaining oil 
was dabbed with gauze. The resulting fat was transferred into a 1-ml syringe for small scars, 
or reserved in the 10-ml Luer-Lock syringe to be used for larger scar surfaces. 
Reinjection of fat
Small incisions (approximately 2 mm) were created at the border of a scar for a 16-gauge 
V-shape needle to perform adhesiolysis underneath the scar. When the needle was retracted, 
the prepared fat tissue was simultaneously injected through the same needle. The incisions 
were closed using resorbable material [e.g. Vicryl Rapide (Ethicon, Inc., Somerville, N.J.) or 
Histoacryl (TissueSeal, Ann Arbor, Mich.)]. 
Viability analysis of the fat grafts
In 25 of 40 cases, a small and remaining portion (approximately 1 ml) of the fat graft was sent 
to the laboratory where we performed a viability analysis of the adipocytes. The fat graft was 
incubated for 60 minutes with 1 ml of phosphate-buffered saline containing 50 µg/ml Hoechst 
33342 (stains the nuclei of all cells) (Sigma-Aldrich, St. Louis, Mo.) and 2 µg/ml propidium 
iodide (stains only the nuclei of nonviable cells) (Sigma-Aldrich). Subsequently, the mean 
percentage of viable cells in the graft was determined by investigating the samples using an 
Axioskop 40 bright field microscope (Zeiss, Oberkochen, Germany).
Power analysis and statistics
We performed an a priori power analysis (G*Power 3 version 3.1.9.2) to estimate the required 
sample size of the study population. Calculations were performed using the results of van 
Zuijlen et al.23 We decided to use these data as a reference since suitable data of Cutometer® 
measurements on adherent scars were lacking. The intended pliability increase for our study 
was 33%, with an effect size calculated at 0.5. Alpha was set at 0.05 and beta at 0.20 (power = 
80%). A sample size of 34 patients was estimated. We anticipated a maximum dropout rate of 
10% during the follow-up; we therefore included a total of 40 patients. 
 Analyses were performed with SPSS Statistics, version 21.0 (IBM Corp., Armonk, N.Y.). 
Data were tested for normality by applying the Shapiro-Wilk test and by calculating skewness 
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and kurtosis. For normally distributed data, the Paired samples t-test was used. The Wilcoxon 
signed-rank test was carried out when data were not normally distributed. The Standard 
Deviation (SD) and 95% confidence interval (CI) were given where appropriate. All reported p 
values are two tailed and p < 0.05 was considered statistically significant.
RESULTS
From June 2014 until July 2015, a total of 40 patients were included. General patient 
characteristics, and the cause and location of the scars are summarized in Table 1. The length 
of follow-up was 3.3 months (SD 0.8); one patient was lost to follow-up.
Table 1. Patient and scar characteristics.
Value %
No. of patients
          Total
          Follow-up
40
39
Sex
          Male
          Female
9
31
22.5%
76.5%
Age of patient, years
Mean (SD)
Range
45.0 (15.3)
21 - 78
Age of scar, years
Mean (SD)
Range
17.9 (16.4)
1 - 59
Scar cause
          Burns
          Necrotizing fasciitis
          Degloving injury
          Other trauma
22
3
8
7
55.0%
7.5%
20.0%
17.5%
Scar location
          Head/neck
          Trunk
          Upper extremities
          Lower extremities
3
11
6
20
7.5%
27.5%
15.0%
50.0%
Scar outcome
After a single fat grafting procedure, the Cutometer parameters elasticity and maximal 
extension increased with 22.5% (p<0.001) and 15.6% (p=0.001), respectively. The corresponding 
absolute values of these parameters and the 95% confidence intervals of the difference are 
presented in Table 2.
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Table 2. Pliability results obtained by the Cutometer.
Preoperative§ (SD) 3-month FU† (SD) 95% CI  
of the difference
p-value
Mean Uf, mm 0.64 (0.29) 0.74 (0.29) -0.16 to -0.04 0.001
Mean Ue, mm 0.40 (0.20) 0.49 (0.23) -0.13 to -0.05 <0.001
Uf, maximal extension; Ue, elasticity; CI, confidence interval; FU, follow-up.
§ refers to n = 40 and † refers to n = 38 (in one patient Cutometer measurements are lacking.) 
Statistics: paired samples t test.
Total POSAS scores (i.e. the average score of six items) for both the patient and observer 
decreased significantly after fat grafting, which corresponds to improved scar quality (Tables 3 
and 4). In addition, all single POSAS items of the observer showed a decreased score at 3-month 
follow-up. All single items of the patient scale also decreased, except the score for itch, which 
was already very low preoperatively. The item pliability especially showed a significant decrease 
from 6.0 to 4.2 in observers (p<0.001), and from 8.1 to 5.1 in patients (p<0.001). 
The DSMII Color measurements were expressed in erythema and melanin differences between 
the scar and healthy skin. The mean erythema score was 3.9 (95% CI 3.0-4.7) preoperatively, 
and 3.8 (95% CI 3.0-4.7) at 3 months follow-up. The mean melanin score increased slightly 
from 6.4 (95% CI 4.8-7.9) preoperatively to 6.5 (95% CI 5.2-7.8) at 3-month follow-up. 
Table 3. Patient and Observer Scar Assessment Scale scores provided by the patient.
POSAS item Preoperative§ (SD) 3-month FU† (SD) Difference 95% CI
of the difference
p-value
Pain 3.9 (2.7) 2.4 (2.0) ↓ 1.5  0.6 – 2.6 0.003
Itch 1.9 (1.8) 1.9 (1.6) = -0.7 – 0.7 1.000
Color 5.4 (2.5) 4.6 (2.4) ↓ 0.8  0.1 – 1.4 0.020
Pliability 8.1 (1.6) 5.1 (2.3) ↓ 3.0  2.2 – 3.9 < 0.001
Thickness 3.7 (3.2) 3.3 (2.7) ↓ 0.4 -0.7 – 1.6 0.469
Relief 5.6 (2.8) 4.1 (2.2) ↓ 1.5  0.6 – 2.3 0.001
Total score 5.1 (1.2) 3.8 (1.6) ↓ 1.3  0.9 – 1.9 < 0.001
The total score is calculated by averaging the scores of the six separate POSAS items. 
§ refers to n = 40 and † refers to n = 39. CI, confidence interval; FU, follow-up. 
Statistics: paired samples t test.
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Table 4. Patient and Observer Scar Assessment Scale scores provided by the observer.
POSAS item Preoperative§ (SD) 3-month FU† (SD) Difference 95% CI
of the difference
p-value
Vascularity 2.7 (1.4) 2.4 (1.1) ↓ 0.3  0.0 – 0.7 0.028
Pigmentation 3.2 (1.1) 2.9 (1.0) ↓ 0.3 -0.1 – 0.5 0.103
Thickness 2.7 (0.9) 2.4 (0.7) ↓ 0.3  0.1 – 0.6 0.012
Relief 3.3 (1.3) 3.2 (1.0) ↓ 0.1 -0.1 – 0.5 0.213
Pliability 6.0 (1.5) 4.2 (1.6) ↓ 1.8  1.4 – 2.2  < 0.001
Surface area 3.2 (1.1) 2.4 (0.8) ↓ 0.8  0.5 – 1.3  < 0.001
Total score 3.6 (0.9) 2.9 (0.7) ↓ 0.7  0.4 – 0.9  < 0.001
The total score is calculated by averaging the scores of the six separate POSAS items. 
§ refers to n = 40 and † refers to n = 39. CI, confidence interval; FU, follow-up. 
Statistics: paired samples t test.
Complications
Only minor complications related to the fat grafting procedure occurred. We found a superficial 
hematoma at the donor site in four patients, and at the grafted site in three patients. One 
patient developed severe post-operative pain of the grafted area (left foot), but removal of the 
applied soft cast alleviated the pain. No skin necrosis or infection of the grafted area was seen.
Fat grafts 
Fat was harvested from the abdomen (31 of 40 patients), thighs (8 of 40) and flanks (1 of 40). 
The mean volume of harvested fat was 63.8 ml (SD 36.8). After the processing phase, 35.1 ml 
(SD 17.1) of fat remained to serve as the graft. The mean volume of injected fat was 24.6 ml (SD 
15.5). In 25 remaining fat graft portions, the mean percentage of viable cells was determined 
and assessed at 64% (SD 8%). This is consistent with results of a previous study that determined 
the viability of adipocytes.24 
Post-hoc power analysis
Using the elasticity results as presented in Table 2, we were able to perform a post-hoc power 
analysis (G*Power 3 version 3.1.9.2). The effect size was calculated at 0.45 (mean difference/
SD = 0.09/0.20), alpha was set at 0.05 (one tailed), and the total sample size at 40. The analysis 
showed that a power of 86% was achieved using a t test statistic. We therefore concluded that 
the sample size used in this study generated sufficient power. 
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DISCUSSION
We investigated the effectiveness of a single treatment of autologous fat grafting on scar 
pliability in adherent scars using a comprehensive scar evaluation protocol. We found a 
significant increase in pliability, measured by the Cutometer and by the POSAS. Furthermore, 
it is shown that many scar features were ameliorated after autologous fat grafting. Importantly, 
the patient-related item pain decreased significantly after a single fat grafting procedure. Thus, 
not only objective improvement was found but patients experienced the beneficial effects of 
autologous fat grafting as well. Since pain and stiffness are frequently uttered complaints 
in patients with adherent scars, the above-mentioned results are relevant evidence for the 
effectiveness of autologous fat grafting. Erythema and melanin differences between the scar 
and healthy skin remained unaltered at 3-month follow-up. This finding was expected because 
the mean age of the scars was rather high (17.9 years). This implicates that most scars were in 
a stable state, thereby not showing abundant hypervascularization or disturbed pigmentation 
preoperatively. Accordingly, we did not find a statistically significant decrease of the objective 
color values in this population. Nevertheless, when looking into the subjective color scores 
of the patient scale (POSAS), we can conclude that the color was substantially ameliorated 
(p=0.020).
 The scar evaluation protocol used in this study provides a consistent and comprehensive 
means of scar assessment. To prevent selection bias within the treated scar area and to be able 
to assess scars as a whole, we obtained pliability and color measurements using a standardized 
algorithm containing five locations. Furthermore, the Cutometer that was used to assess the 
primary outcome parameter, is a valid tool and best to assess the pliability in studies based 
on an intra-individual comparison, such as the follow-up after applying therapy.17 In addition, 
multiple measurements optimized the reliability.17 In previous studies on fat grafting in scars, 
pliability measurements were also carried out.14, 25 Results of these studies were promising, but 
based on small study populations (n=2014 and n=1425). Moreover, Klinger et al. used a different 
measurement technique, which was the Durometer (RexGauge type 00; RexGauge Durometer, 
Buffalo Grove, I.L.). This is a pressure-method or ‘tonometer’, assessing the resistance of an 
elastic body to deformation by an applied force (i.e. measuring scar hardness or firmness).14 
Importantly, the scar’s firmness is a different property than the biomechanical capacity to 
slide. The latter is reflecting the adherent condition of a scar,26 which we assessed in our study 
using a suction method that exerts a controlled negative pressure over a small area of the scar, 
resulting in vertical skin deformation.27, 28 In our opinion, the Cutometer is therefore the most 
suitable technique to assess the adherent scar condition. 
 With the current study, we showed the positive effect of autologous fat grafting on 
functional parameters of scar quality (after 3-month follow-up). The underlying mechanism is 
not known exactly, as these improvements could be attributable to the process of adhesiolysis, 
to the presence of fat tissue, or to indirect effects of autologous fat grafting on surrounding 
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tissue.8, 29, 30 In addition, it is suggested that perivascular adipose stem cells, triggered by the 
ischemic condition after fat grafting, play an important role in adipocyte regeneration and 
revascularization.31-33 We feel that the current positive outcomes are possibly a reflection of 
physical presence of a new subcutis. In the future, we will evaluate the long-term outcome of 
autologous fat grafting on the scars (i.e. 12-month follow-up) to find out whether additional 
tissue changes have occurred. 
 There are points of discussion relevant to the setup of the current study that we would like 
to address. The intra-individual comparison and the inclusion of a selected population may 
have introduced bias. However, our population is a reflection of a broad spectrum of scars 
that is seen in daily clinical practice. Another point of discussion is that the functional scar 
quality may also improve when performing only adhesiolysis between the scar and underlying 
structures, without autologous fat grafting. However, we would like to stress that scars will 
probably become adherent again when only adhesiolysis is performed and that the possible 
effect of adipose-derived stem cells will not be present. Nevertheless, the exact effect of only 
adhesiolysis is not evaluated yet in terms of a randomized controlled trial. Despite the fact that 
it is challenging to include and randomize scars with the same baseline characteristics, future 
studies should consider a randomized controlled trial. 
CONCLUSIONS
In the present prospective study, 40 adherent scars with different causes were treated with 
autologous fat grafting. For the first time, this method was found to be effective in a study 
population with adequate power as indicated by a comprehensive scar evaluation protocol. This 
finding supports our hypothesis that a small but functional layer of subcutaneous fat can be 
reconstructed by autologous fat grafting. Even more important, we provide data that will guide 
future research and support the use of fat grafting in clinical practice.
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CHAPTER 11 
Sustainable effectiveness  
of single-treatment autologous  
fat grafting in adherent scars
“The first principle is not 
to fool yourself, 
and you are the easiest 
person to fool”  
(Richard Feinman)
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ABSTRACT
Following severe injury, not just the skin but also the subcutis may be destroyed. Consequently, 
the developing scar can become adherent to underlying structures. Reconstruction of the 
subcutis can be achieved by autologous fat grafting. Our aim was to evaluate the long-term scar 
outcome after single-treatment autologous fat grafting using a comprehensive scar evaluation 
protocol. Scar assessment was performed preoperatively in 40 patients. A 12 month follow-up 
assessment was performed in 36 patients, using the Cutometer, the Patient and Observer Scar 
Assessment Scale, and DSM II ColorMeter. The Cutometer parameters elasticity and maximal 
extension improved with 28% and 22% (both p<0.001), respectively. Nearly all scores of the 
scar assessment scale decreased significantly, which corresponds to improved scar quality. 
In addition, the mean melanin score was ameliorated over time. Thus, we demonstrated 
the sustainable effectiveness of single-treatment autologous fat grafting in adherent scars, 
indicated by improved pliability and overall scar quality.
11
SUSTAINABLE EFFECTIVENESS OF AUTOLOGOUS FAT GRAFTING
203
INTRODUCTION
Over the last decades, the treatment of severely burned patients has improved considerably. 
However, scarring remains a significant challenge. Scars are not only apparent after burns, 
but also after other severe injuries such as necrotizing fasciitis or degloving. Injuries severe 
enough to affect the subcutis destroy the important functional sliding layer between the 
resulting scar and underlying structures (i.e. muscles, tendons, bone tissue). This ultimately 
leads to stiff and adherent scars that may limit the affected body part’s range of motion.1 In this 
case, the only available option to partially reconstruct the subcutis is autologous fat grafting, 
whereby several layers of fat are injected to generate a sliding system between the scar and 
the underlying structures.  
 Recently, we demonstrated the short-term effectiveness (i.e. 3 months follow-up) of single-
treatment autologous fat grafting in adherent scars using a comprehensive scar evaluation 
protocol.2 Here, we report on the long-term scar outcomes (i.e. 12 months postoperatively) of 
autologous fat grafting. To our knowledge, this is the first large case-series that provides these 
data in this rapidly developing field. 
MATERIALS AND METHODS
Study design and patients
A prospective study with intra-individual follow-up was performed in 40 consecutive adult 
patients with adherent scars caused by either burns, necrotizing fasciitis, degloving injury, or 
other trauma. Scar evaluation was performed within 24 hours preoperatively and at 12 months 
postoperatively. A concise description of the scar evaluation protocol, fat grafting procedure, 
and statistics is provided below. More detailed information can be found in our publication on 
the short-term results.2 The regional medical ethics committee approved the study protocol 
and decided the study did not fall under the scope of the Medical Research Involving Human 
Subjects Act (registration number M014-011). However, in light of the Declaration of Helsinki, 
written informed consent was obtained from all patients. 
Scar evaluation
The primary outcome parameter was scar pliability, measured objectively using the Cutometer Skin 
Elasticity Meter 575 (Courage and Khazaka GmbH, Cologne, Germany). We used two Cutometer 
parameters that have previously been shown to be the most reliable: elasticity and maximal extension.3
 Scar color was evaluated using the objective DSM II ColorMeter (Cortex Technology, 
Hadsund, Denmark).4 Color results were expressed as the absolute difference between healthy 
skin and scar tissue. The objective pliability and color measurements were performed on five 
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locations following a standardized algorithm applied in previous clinical studies.5 The average 
score of these five measurements was used. 
In addition, the entire scar area was subjected to the Patient and Observer Scar Assessment Scale 
(POSAS) by the patient and two observers (www.posas.org).6 The scores assessed by the observers 
were averaged to minimize potential bias and obtain the most reliable results. The questionnaire 
consisted of two separate six-item scales both scored on a 10-point rating scale. A lower score 
correlates with a better scar; 1 resembles normal skin and 10 the worst imaginable scar.
Autologous fat grafting
Fat grafting was performed following the Coleman technique.7 First, tumescence solution (500 
ml of 0.9% sodium chloride, 20 ml of 1% Xylocaïne, and 1:200,000 IU adrenalin) was applied 
to the donor site. Subsequently, fat tissue was obtained using a 3-mm two-hole Coleman 
harvesting cannula attached to a 10-ml Luer-Lock syringe. Manual suction was performed 
with gradual negative pressure. 
 The syringes filled with fat were centrifuged at 3000 rpm (1200 g) for 3 minutes (MediLite 
Centrifuge; Thermo Fisher Scientific Inc., Waltham, Mass.), separating the usable fatty tissue 
from an upper oil layer and bottom layer of blood and tumescent solution. The resulting fat was 
transferred to a 1-ml syringe for small scars, or reserved in the 10-ml Luer-Lock syringe to be 
used for larger scar surfaces.
 Through 2-mm incisions at the border of the scar, a 16-gauge V-shape needle was inserted 
and advanced into the appropriate plane. When the needle was retracted, the prepared fat 
tissue was simultaneously injected through the same needle. The incisions were closed using 
resorbable material [e.g. Vicryl Rapide (Ethicon, Inc., Somerville, N.J.) or Histoacryl (TissueSeal, 
Ann Arbor, Mich.)]. 
Statistics
We performed an a priori power analysis (G*Power 3 version 3.1.9.2), estimating a sample size 
of 34 patients. We anticipated a maximum dropout rate of 10% during follow-up, and therefore 
included a total of 40 patients. Analyses were performed with SPSS Statistics, version 21.0 
(IBM Corp., Armonk, N.Y.). All reported p-values are two tailed and p < 0.05 was considered 
statistically significant.
RESULTS
Thirty-six out of 40 patients completed the 12 month follow-up period. Measurements were performed 
on average at 13.2 months (SD 2.2) postoperatively. The mean patient age at surgery was 45.0 (15.3) 
years, and the mean scar age was 17.9 (16.4) years. Scar etiology was classified as follows: 22 burns 
(55.0%), 3 necrotizing fasciitis (7.5%), 8 degloving injury (20.0%) and 7 other trauma (17.5%).
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 The Cutometer parameters elasticity and maximal extension improved 28% (p < 0.001, Paired 
samples t test) and 22% (p < 0.001), respectively. Table 1 presents the corresponding absolute 
values of the Cutometer parameters over time and the 95% confidence intervals of the difference. 
 Total POSAS scores (i.e. the average score of six items) and nearly all single item scores 
for both the observer and patient further decreased at 12 months follow-up compared to the 
short-term follow-up (Table 2), corresponding to an additional improved scar quality.  
 At the short-term follow-up, DSM II Color measurements were practically unaltered 
compared to the preoperative values, but at 12 months follow-up, the mean melanin score 
decreased from 6.4 (95% CI 4.8-7.9) preoperatively to 4.5 (95% CI 2.0-7.1), reflecting a smaller 
difference between the scar’s pigmentation and healthy skin (p = 0.091, Paired samples t test). 
The mean erythema score slightly decreased from 3.9 (95% CI 3.0-4.7) preoperatively to 3.4 
(95% CI 2.4-4.4) at 12 months follow-up (p = 0.400). 
Table 1. Pliability results obtained by the Cutometer.
Preoperative§ 
(SD)
3-Mo Follow-Up† 
(SD)
12-Mo Follow-Up¥ 
(SD)
95% CI of the  
difference*
p*
Mean Uf, mm 0.64 (0.29) 0.74 (0.29) 0.78 (0.30) -0.20 − -0.07 < 0.001
Mean Ue, mm 0.40 (0.20) 0.49 (0.23) 0.51 (0.23) -0.14 − -0.06 < 0.001
Uf, maximal extension; Ue, elasticity.
§ n = 40, † n = 38 and ¥ n = 36. Statistics: paired samples t test. 
* 12-Mo Follow-Up compared to Preoperative values.
Table 2. POSAS scores provided by the patients and observers.
POSAS item Preoperative§ 
(SD)
3-Mo Follow-Up† 
(SD)
12-Mo Follow-Up¥ 
(SD)
Difference* 95% CI of the 
difference*
p*
PATIENTS
Pain 3.9 (2.7) 2.4 (2.0) 2.8 (2.7) ↓ 1.1 0.1 – 2.1 0.028
Itch 1.9 (1.8) 1.9 (1.6) 2.0 (1.8) ↑ 0.1 -0.7 – 0.8 0.939
Color 5.4 (2.5) 4.6 (2.4) 4.5 (2.5) ↓ 0.9 0.1 – 1.7 0.021
Pliability 8.1 (1.6) 5.1 (2.3) 5.0 (2.3) ↓ 3.1 2.2 – 4.0  < 0.001
Thickness 3.7 (3.2) 3.3 (2.7) 3.3 (2.2) ↓ 0.4 -1.1 – 1.3 0.849
Relief 5.6 (2.8) 4.1 (2.2) 4.3 (2.6) ↓ 1.3 0.3 – 2.2 0.011
Total score 5.1 (1.2) 3.8 (1.6) 3.6 (1.4) ↓ 1.5 1.0 – 2.0  < 0.001
OBSERVERS
Vascularity 2.7 (1.4) 2.4 (1.1) 2.2 (1.2) ↓ 0.5 0.1 – 1.0 0.013
Pigmentation 3.2 (1.1) 2.9 (1.0) 2.9 (1.0) ↓ 0.3 -0.2 – 0.5 0.271
Thickness 2.7 (0.9) 2.4 (0.7) 2.2 (0.8) ↓ 0.5 0.3 – 0.7 < 0.001
Relief 3.3 (1.3) 3.2 (1.0) 2.9 (1.0) ↓ 0.4 0.0 – 0.8 0.032
Pliability 6.0 (1.5) 4.2 (1.6) 3.8 (1.6) ↓ 2.2 1.6 – 2.6 < 0.001
Surface area 3.2 (1.1) 2.4 (0.8) 2.5 (1.0) ↓ 0.7 0.4 – 1.2 0.001
Total score 3.6 (0.9) 2.9 (0.7) 2.8 (0.7) ↓ 0.8 0.6 – 1.1 < 0.001
The total score is calculated by averaging the scores of the six separate POSAS items. 
§ n = 40, † n = 39 and ¥ n = 36. Statistics: paired samples t test. 
* 12-Mo Follow-Up compared to Preoperative values.
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DISCUSSION
Our results indicate that single-treatment autologous fat grafting provides sustainable 
improvement in the quality of adherent scars. The lasting enhancement of pliability 
demonstrates the benefits of the use of fat grafting for patients suffering from scar stiffness 
where friction occurs between the scar and underlying structures. To our knowledge, this is the 
first clinical study assessing the long-term effect of autologous fat grafting on functional scar 
parameters using a comprehensive scar evaluation protocol. 
 In addition to objective pliability, subjective (POSAS) pliability also improved significantly. 
Immunohistochemical results from existing literature may explain this; these studies reported 
new collagen deposition and increased vascularization after autologous fat grafting.8-10 
Moreover, Bruno et al. and Piccolo et al. showed an increased amount of elastic fibers at 
the dermopapillary layer,11, 12 which may also account for an improved dermal quality. The 
effects of scar maturation over time cannot be completely excluded, however, all scars in the 
current study were mature (mean age 17.9 years) and appeared stable over a long time prior to 
treatment.
 In contrast to the short-term follow-up, we now found ameliorated melanin values 
as measured by the DSM II ColorMeter. Findings by Bruno et al., who showed a reduction 
in melanogenic activity after fat grafting indicated by a significant decrease in S100-positive 
cellular count, support these results.11 Objective erythema values only slightly decreased over 
time. However, this finding was expected because the scars did not show signs of immaturity 
preoperatively. Using subjective assessment, our study patients also reported an improved 
scar color, which is reflected by the lowered POSAS score on the item color (p = 0.021) at 12 
months follow-up. 
 It seems that additional tissue changes and/or adipocyte regeneration have occurred at 
12 months follow-up, as it is known that not all injected fat survives.13 The exact equilibrium 
between the amount of fat and the regenerative capacities of adipose derived stem cells 
(ADSCs) over time is unknown, but it is presumed that the amount of fat decreases, while the 
regenerating effect increases between 3 and 12 months follow-up.11, 14 The mechanism of fat 
graft survival, and whether survival can be improved by enriching grafts with high-dose ex-vivo 
expanded ADSCs,15 are important questions that require further exploration. Furthermore, only 
few RCTs (comparing fat grafting versus saline injection) have been performed in the highly 
emerging field of autologous fat grafting. Therefore, it is still unclear if the functional scar 
quality also improves when only adhesiolysis and saline injection is performed. Although the 
potential remodeling effect by ADSCs will not be present without fat grafting and scars will 
probably become adherent again, there is often debate on this topic. In future research, it 
would also be useful to focus on the patient’s mobility and functional improvement (where 
possible) using questionnaires such as the QuickDASH (Disabilities of Arm, Shoulder and 
Hand questionnaire) and/or the LLFI (Lower Limb Functional Index). Hence, it is expected that 
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continuing developments and the extension of data by new trials will increasingly foster the use 
of autologous fat grafting in adherent scars. 
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CHAPTER 12 
Autologous fat grafting;  
it almost seems too good to be true
Comment on: 
Autologous fat grafting does not improve burn scar appearance: 
A prospective, randomized, double-blinded, placebo-controlled, pilot study
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Autologous fat grafting; it almost seems too good to be true 
Dear Sir,
With great interest we read the article by Gal et al. entitled: “Autologous fat grafting does 
not improve burn scar appearance: A prospective, randomized, double-blinded, placebo-
controlled, pilot study”.1 We would like to thank the authors for their contribution to the rapidly 
developing field of autologous fat grafting. Moreover, their efforts to conduct a randomized 
controlled trial (RCT) are appreciated, as there are many challenges and hurdles that must be 
overcome before such a study can be carried out. Gal et al. evaluated the effects of injection 
of autologous fat versus saline on mature burn scars in pediatric patients. Due to the fact that 
no benefit for fat grafting was observed after evaluating 8 patients, the decision was made 
to stop enrolling patients. Recently, we evaluated the effect of single-treatment autologous 
fat grafting in a large case-series (before-after design), showing remarkable improvement 
of scar quality at the short-term follow-up2 and at 12 months postoperatively [manuscript in 
preparation]. Although our study was conducted in adult patients, we deem the scars included 
in both studies comparable after evaluating the photographs in the article. Therefore, we are 
surprised by their results, but at the same time we appreciate that the authors raise some 
important points, which require more debate and evidence to support or discourage autologous 
fat grafting in the future.
 However, we would like to make some comments concerning the set-up of their study. 
Remarkably, no preoperative baseline of the treated scars was assessed, nor an untreated 
control scar was evaluated. It is therefore in essence impossible and premature to draw 
conclusions from this study on any effect of both treatments. The most sensible explanation 
for the results of Gal et al. is: (1) both treatment methods cause a positive effect on burn scars, 
or (2) neither fat grafting nor normal saline injection causes a positive effect on burn scars. 
 In addition, we feel that some remarks about the presented evaluation protocol need to 
be made, because this may explain why no differences between both treatments were found. 
The authors report on the use of the Vancouver Scar Scale (VSS). This instrument however, is 
not designed to indicate burn scar severity, but rather to show the presence or absence of a 
pathological condition, indicated by the categorical scale.3 Moreover, the reliability of the VSS 
is moderate (Cohen’s Kappa of 0.5), requiring at least three observers to obtain substantial 
reliable data. Furthermore, it seems that their subjective patient questionnaire was not tested 
or validated, and items such as pain and itch were not included, whilst pain was an essential 
improved parameter in our study. Therefore, it would have been favorable if the authors used 
the Patient and Observer Scar Assessment Scale (POSAS), which is recognized as a highly 
reliable scar rating scale, and covers the patient’s perception of scarring.4 In addition, scar 
assessment by objective tools such as the Cutometer and DSM II ColorMeter could have 
asserted more power to the study. Another important point of discussion is that very small scar 
areas of 5 x 5 cm were analyzed and that both study areas were located adjacent to each other, 
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making it rather difficult to even determine difference. Moreover, by selecting two adjacent 
areas, it has to be taken into account that fat or saline could have diffused from one area to 
another, hindering exact evaluation of each individual treatment. Altogether, the evaluation 
protocol used by the authors presumably had a negative impact on the ability and reliability to 
detect differences in scar outcome with only 8 patients. 
 Besides the results of Gal et al., there are many studies that do support the use of 
autologous fat grafting in a wide range of indications. On the other hand, only few RCTs have 
been performed in this field, and therefore it is still unclear if the functional scar quality also 
improves when only adhesiolysis (and saline injection) is carried out. During adhesiolysis, the 
scar is released from the underlying structures, which may be beneficial for the scar’s pliability 
and the ultimate scar outcome. However, without fat grafting, scars will probably become 
adherent again and the potential remodeling effect by adipose derived stem cells within the 
fat graft will not be present.5 Accordingly, substantial evidence obtained by larger RCTs using 
a comprehensive scar evaluation protocol is needed, to provide us with definite answers to 
the questions raised. Triggered by the contrast between the results of Gal et al. and our own 
positive results, the time has come that we are genuinely motivated to set up such a robust 
RCT. Only then we will find out if autologous fat grafting is too good to be true or if the use of 
this method can be further supported. 
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Discussion & future perspectives
“In matters of style,  
swim with the current.  
In matters of principle, 
stand like a rock” 
(Thomas Jefferson)
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DISCUSSION
Research in this thesis focused on three domains of burn care. An overview was provided on 
burn wound assessment (Part I), several aspects of scar assessment were highlighted (Part II), 
and clinical studies into new reconstructive surgery techniques were performed (Part III). The 
aim was to appraise and describe current concepts of these domains, and to attain insights 
into how to improve these concepts. Ultimately, the intention was to contribute to improved 
scar quality, and thereby patients’ quality of life, which comprise two of the most relevant 
outcomes in burn care.
The first part of this thesis was dedicated to burn wound assessment, which is one of the initial 
steps that have to be made in the management and treatment of patients with burns. In chapter 
2, it seemed that several concepts within burn wound assessment and classification are based 
on routines, preferences and long-standing beliefs. As a result, three classification systems 
are used concurrently in clinical practice and consequently in the literature. In the author’s 
opinion, a universally accepted burn wound classification system would help both to improve 
the comparability of study results and to develop uniform guidelines. The review described in 
chapter 2 could be seen as an evaluation of today’s practice and hopefully forms the first step 
towards standardization in burn wound assessment. Future research should focus on obtaining 
agreement between burn clinicians and researchers worldwide. This could be achieved by an 
international Delphi study: a method that is based on structured communication that relies 
on a panel of experts, who are receiving questionnaires in several rounds.1, 2 The experts are 
instructed to revise their earlier answers in the light of the anonymous replies of the previous 
round by the other panel members. In this way, the range of answers will decrease and the panel 
will converge until final consensus is reached. Here, it is suggested that such international 
initiatives will unify burn clinicians and researchers worldwide, and would thereby contribute 
to the quality of future research and clinical burn practice.   
 In the systematic review on measurement techniques (chapter 3), an extensive literature 
search was performed and finally 14 techniques were included for analysis. It is encouraging 
to note that the development of new measurement techniques in the field of burn medicine 
has increased over the past 10 years. In particular when realizing that clinical evaluation 
alone shows moderate validity in determining burn wound depth and thus there is a need for 
measurement techniques that serve as an adjunct. The methodological quality of included 
studies was evaluated according to the Consensus-based Standards for the selection of 
health Measurement Instruments (COSMIN) methodology,1, 3 which was originally developed 
for patient-reported outcome measures (PROMS). Consequently, the corresponding checklist 
was adapted for the purpose of this review. Although not many high quality studies were 
uncovered, it turned out that there were still 7 studies that evaluated construct validity and 
received an ‘excellent’ or ‘good’ score. However, it was surprising that only two studies 
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evaluated the reliability of the tool under study. This implicates that the reliability of the scores 
obtained by repeated measurements are not guaranteed, either over time or by different 
observers. Moreover, in all studies, only relative parameters such as the Pearson’s correlation 
coefficient were used to express the results. Even though this type of parameter is nowadays 
the most commonly used parameter and generally accepted, the problem is that it tells us 
only something about the coherence in a given population and it does not supply information 
on the measurement error of an individual measurement.4, 5 The latter is important for 
usage in clinical practice as the absolute measurement error determines the change that 
can be detected beyond the measurement error.4, 6 It was found both in the two studies on 
thermography (chapter 4 and 5) and the study on 3D stereophotogrammetry (chapter 6) that it 
can be quite challenging to set-up and perform a clinimetric study. However, it is hoped that 
in future projects on measurement tools, researchers are aware of the importance to focus 
on the clinimetric properties of the tool before relying on the scores produced by the tool and 
implementing its use in clinical practice. It is considered here that it is also of importance for 
clinicians to be able to estimate whether a measurement technique is a valuable adjunct to 
current practice. Accordingly, it may be useful to train more clinicians in clinimetrics, thereby 
improving their skills to interpret the required analyses. Nonetheless, to further optimize the 
power of future research initiatives in this field, it is recommended that a consultation takes 
place with a clinimetric working group at the Department of Epidemiology & Biostatistics.
 When the results of Part I are considered, the author suggests, if available, to use laser 
Doppler imaging (LDI) for all burn wounds of unknown severity and to perform measurements 
by the FLIR ONE at the same time. In this way, thermography data are easily expanded and 
clinicians can get used to the tool as well as to thermal image interpretation. The cut-off values 
established in chapter 5 could be used to ask a burn clinician to allocate the burns to a certain 
category as proposed in the scheme of chapter 2. This may be done using only the FLIR, and 
in combination with clinical evaluation of the burn wound by the same clinician (i.e. an ‘add-on 
test’). Finally, the results can be compared to LDI. Evaluation of a minimum of 50 burn wounds, 
preferably in different burn centers, will allow the true value of the FLIR ONE to be established. 
This will provide an answer to the question whether thermography can complement LDI as 
criterion in burn wound assessment. It is acknowledged here that it remains debatable to 
assign LDI as the preferred criterion; however, at present it is the best available choice based 
on state-of-the-art technology.  
 Furthermore, as a result of the studies described in Part I, it is concluded that different 
constructs can be assigned in burn wound assessment. In chapter 3, where various 
measurement techniques were evaluated, burn wound depth and healing potential were 
designated as the most used constructs. The latter construct is closely related to burn wound 
depth, but yet different.8 In the opinion of the author, burn wound depth refers to the extent 
of tissue damage, which could be assessed, although suboptimal, by clinical evaluation or 
histological analysis. Burn wound depth may be seen as one of the predictors of final scar 
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quality, as it reflects the anatomical layers that are destroyed. Healing potential is regularly 
based on assessment of the remaining blood flow and this can be measured using LDI. As 
the appendages in the dermis, containing keratinocytes and epidermal stem cells, have a rich 
blood supply and normally facilitate regeneration of the epidermis, blood flow appears to be 
a surrogate marker for re-epithelialization.9, 10 The blood flow values obtained by LDI offer 
standardized healing potentials and therefore provide more practical information during the 
early days post-burn than determination of burn wound depth.11 Accordingly, burn clinicians 
can decide whether and when to operate or to treat conservatively. Thus, it could be stated that 
healing potential is a prognostic or predictive construct, and burn wound depth more or less a 
diagnostic construct. For the purpose of clarity and to pursue standardization in burn wound 
assessment, our proposal is to use a simple and versatile scheme (chapter 2) by integrating/
combining these two constructs. 
In Part II of this thesis, various aspects of scar assessment were discussed. 3D 
stereophotogrammetry was established as a reliable and valid tool to evaluate scar volume 
in research (chapter 6). For use in clinical practice, where the intention would be to provide 
individual patient follow-up, the measurement error was found to be quite high. This study 
is an example of an altered conclusion when absolute parameters are assessed compared 
to relative parameters. A likely explanation for this is that the measurement error is leveled 
out when a group is analyzed, as the error is divided by the square root of the number of 
patients included in a study.4 In the future, 3D stereophotogrammetry can certainly be used 
for research purposes to determine scar volume. Nevertheless, as will be discussed below, 
other 3D techniques and tools are being developed that may provide even better results and 
supreme feasibility.
 When aiming at standardization within scar assessment, there is room for improvement 
when it comes to the use of the term ‘vascularization’, as highlighted in chapter 7. Initially, 
this study was set up to evaluate the validity of LDI to assess hypertrophic scars. However, 
as there are various scar features that can be assessed, a single criterion is lacking. 
Moreover, it was noticed here that there was no uniformity on the outcomes to be used in 
the assessment of hypertrophic scars (i.e. erythema, redness, and blood flow/perfusion) 
and on the use of the term ‘vascularization’. Hence, there was a shift to the study focus. The 
correlations between the scores of different measurement tools that assess the outcomes 
were determined and this provided new insights: blood flow, the presence of microvessels and 
erythema appear to be different hypertrophic scar features because they showed an absence 
of correlation. Consequently, these outcome terms cannot be used interchangeably and the 
term ‘vascularization’ does not seem appropriate to serve as an umbrella term. It is hoped 
that the definitions proposed in chapter 7 contribute both to clarity and to the careful usage of 
the term ‘vascularization’. In addition, the findings and definitions may also be of importance 
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considering the development of a new version of the Patient and Observer Scar Assessment 
Scale (POSAS), which will be discussed later.
 Finally, in chapter 8, an experimental study was described, which was somewhat 
challenging to perform. Measurements were obtained with a custom-made polarization 
sensitive optical coherence tomography (PS-OCT) system. This required the presence and 
commitment of a physicist to control the acquisition software, and involved extensive data 
analysis. Nevertheless, an ability to image and quantify collagen of human hypertrophic scars 
by measuring birefringence was achieved. PS-OCT could be a useful tool to apply in future 
research, as many scar characteristics, such as thickness, relief, pliability and surface area/
contraction, are largely affected by the aberrant type of collagen present in scars.
 It is concluded that there are various ways to perform scar assessment and there are many 
tools available. Since tools may require a trained user, extra time to perform the measurement, 
or combine with demanding analyses, it is the experience of the author that most tools are 
used for research purposes only. Nevertheless, it would be valuable if user-friendly tools 
were also used in clinical practice on a regular basis. This is, for example, currently done 
at our outpatient clinic by monitoring burn scar maturation using the POSAS and the DSM 
II ColorMeter. These measurements could be expanded, which would contribute to the data 
collection initiative as delineated below. 
Part III focused on developments in reconstructive surgery. Over the last decade, reconstructive 
surgery has become more challenging because most burn patients now survive their severe 
injuries. Thus, an increasing number of patients are requiring scar reconstructions. In Part 
III, studies on new techniques in reconstructive surgery were described to determine whether 
these techniques are able to improve the quality of specific scar types, such as contractures 
and adherent scars. Clinical studies were performed on the effectiveness of perforator-based 
interposition flaps compared to FTSGs for burn scar contracture release, and on autologous 
fat grafting (AFG) for reconstruction of the subcutis in adherent scars. The results of these 
studies suggest that two techniques can be added to the armamentarium of reconstructive 
(burn) surgeons: both techniques are easily applicable and provide a safe and sustainable 
solution for scar contractures and adherent scars. The techniques have a relatively low risk 
of complications, are not demanding, and both include the use of autologous tissue. Given 
this convincing evidence, the use of these simple and reproducible techniques for burn scar 
reconstructions is here endorsed. 
 One of the possible explanations for the findings and a common factor in both procedures is 
the optimal use of autologous fat. In perforator-based interposition flaps, the subcutaneous fat 
is left in situ, thereby providing an intact subdermal plexus, which comprises vital blood supply 
to the skin.12 Moreover, it was previously shown that the subcutis comprises larger vessels 
within the fat, connecting the overlying subdermal plexus with the deeper, more vertically 
oriented perforators,12 which also promotes survival of the flap. In addition, it is hypothesized 
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that fat forms a sliding layer between the flap and the underlying wound bed, thus preventing 
the flap from becoming adherent and contracting over time. This is in contrast to FTSGs; in 
which most of the fat is discarded to optimize the survival of the skin graft by prohibiting blood 
flow steal by the fatty tissue. In AFG, the required amount of fat can be obtained without difficulty 
by liposuction from abdomen, thighs, or flanks. Subsequently, the biocompatible tissue can 
be processed in different ways and reinjected underneath the scar. During the clinical study, 
difficulty to obtain sufficient fat was experienced in only one patient. This underscores that the 
procedure is practicable for most of the indicated patients.
 Both clinical studies evidently raised new questions, but here AFG will be detailed. At 
present, the underlying mechanism of fat grafting is only partially elucidated. Many reviews 
have been published over the last 5 years on the best procedure to perform fat grafting,13 on 
survival mechanisms,14, 15 on the role of adipose-derived stem cells,16, 17 and on patient factors 
affecting adipocytes and graft viability.18 Although many insights are acquired each year, most 
research is performed on an experimental basis in animal models. Therefore, it is of interest 
or indeed essential to be able to image and monitor fat grafts in patients over time. High 
frequency ultrasound was used to visualize fat grafts in vivo, but this was more challenging than 
initially thought. The anatomical structures were not clearly visible in patients with extensive 
scarring and this made it rather difficult to define the fat graft. This could be due to the fact 
that the mean amount of fat injected was 0.37 mL/cm2 (data not shown), which functionally 
makes a difference, but restrains from exactly demarcating and visualizing the injected fat. 
This is in contrast to imaging healthy skin, which clearly showed the epidermis, dermis and 
subcutaneous tissue. Currently, the suitability of third harmonic generation microscopy (THG) 
is being explored and this may be a technique that can provide further understanding of the 
underlying mechanisms and the survival of the fat graft after injection. In a pilot study that is 
performed in cooperation with the LaserLab from the VU University, the application of THG on 
various fat samples is studied ex vivo. The results are promising and could help to expand the 
knowledge by studying both the morphology and vascular network of the fat grafts. Figure 1 
shows the results of an imaging session using this advanced microscopic technique. Moreover, 
in the near future, it is expected that THG can also be performed in vivo using a special needle.
It would be interesting to expand the indications for AFG within wound care. Previous research 
suggests fat grafting to be effective for the treatment of chronic skin ulcers of small to 
moderate size.19 It is hypothesized that it is also effective in small burn wounds or residual 
defects showing delayed healing.20, 21 Furthermore, it is not yet elucidated at which time-point 
post-burn AFG could be best performed. In our clinical study, nearly all scars were mature 
and stable over many years, but it could also be conceivable to perform AFG one year after the 
injury or even in the acute phase.22-24 However, although adipose-derived stem cells (ADSCs) 
have been shown to have anti-inflammatory effects by decreased activity of mast cells and 
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inhibition of TGF-ß against fibroblasts,25 concerns can be raised over the use of AFG in the 
acute phase with regard to hypertrophic scar formation. 
Figure 1. Adipose tissue samples imaged with second harmonic generation (SHG) (red) and third 
harmonic generation (THG) (green) microscopy. The THG signal is generated on the interface formed by 
the membrane of the adipocytes, whereas the homogeneous interior of the adipocytes generates no THG 
signal. (A) The collagen extracellular matrix (in red) surrounds both the adipocytes (in green) and a blood 
vessel containing erythrocytes. The dent in the surface of the adipocyte in the middle could be the cell 
nucleus. (B) Depth stack of adipose tissue harvested by liposuction clearly showing the 3D structure. (C) 
Mosaic image of excised adipose tissue showing multiple adipocytes and two blood vessels.
The above mentioned outcomes provided this study group with new insights into burn care. 
Several upcoming projects and ideas are pending to provide continuous evolution. In the next 
paragraphs, these developments will be delineated. These are all concentrated on an important 
and overarching domain: outcomes and measurement in medicine. 
FUTURE PERSPECTIVES: MEASUREMENT IN MEDICINE 3.0 
Big Data
Nowadays, not only patients and health professionals are interested in outcomes; hospital 
managers, the media, pharma, and policy-makers are also taking notice. As a result, all kinds 
of data are increasingly registered in the clinical setting, which is related to as electronic health 
records (EHRs). Accordingly, a new concept emerged over the last five years, which is that 
of ‘big data’.26 This concept is originally described as information-driven decision making in 
the clinical field. It relies on the collection of massive data to build better health profiles and 
better predictive models around an individual with the aim of providing better diagnosis and 
treatment.26 A crucial characteristic of this concept is that the information is processed by 
machine learning. This is a form of artificial intelligence to reveal information from the data by 
advanced mathematical and computational systems.27, 28 Global companies such as Google and 
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Facebook already use machine-learning techniques to predict what you like to buy or what kind 
of movie you like to watch.29 The same algorithms used by these companies can be applied in 
medicine in order to create predictive models. This collection of valuable data will also become 
of importance in burn care. One of the possible applications is the prediction of scarring. Most 
probably, there are many other parameters than burn wound depth and total body surface area 
burned (TBSA) that influence or predict the final scar quality.30 Previous research suggests, 
for example, that bacterial colonization, skin subjected to stretch, ethnic background, and 
body mass index are all risk factors for hypertrophic scarring.31, 32 However, as it is difficult to 
combine all parameters in each individual patient to predict the final scar quality, it would be 
helpful if this can be performed in a systematic and automated fashion. Another application 
that can be thought of is the prediction of the outcome of AFG. It is already known that many 
patient factors contribute to adipocyte function and graft viability, and consequently to the 
result in the long term,18, 33 but it is impossible to account for all these factors using the current 
statistical methods. By analyzing data collections in this novel way, it is assumed that this may 
provide the possibility of uncovering new knowledge in burn care.
Furthermore, data collection can play a key role in clinical research. An advantage is that 
clinical studies can be performed in a more efficient manner, which is important in a field 
such as reconstructive surgery where new techniques are rapidly developing. During the study 
described in chapter 9, we experienced that it can be quite challenging and time-consuming 
to set up a randomized controlled trial (RCT) and include patients in such a study. Moreover, 
evaluation of the effectiveness of treatment in a clinical study does not reflect the situation in 
daily practice, thereby introducing bias. Furthermore, meta-analysis of RCTs is considered the 
Holy Grail in medical sciences, but unfortunately they have their drawbacks and are restricted 
by in- and exclusion criteria. It is common that only a narrow spectrum of patients is evaluated, 
whereas complicated patients are excluded. This will certainly affect the quality of the outcome 
of RCTs and hence of their meta-analysis. These disadvantages can be overcome by collecting 
data longitudinally as it offers the potential to create an observational evidence base for 
research purposes. An example would be to study the effectiveness of AFG, as described in 
chapter 10 and 11,34 and to evaluate untreated controls at the same time. It may also be helpful 
to compare cohorts over time in which patients are treated slightly different due to adaptations 
in existing techniques. At present, AFG is performed at our center following the Puregraft 
method (Puregraft, Solana Beach, California, USA). This comprises a different processing 
phase of the fat graft where the fat is filtrated instead of being centrifuged. Accordingly, it 
would be of interest and efficient to be able to analyze how various factors interact and to 
rapidly determine the final outcome. 
 One of the obvious challenges here is collecting sufficient and correct data. The three burn 
centers in the Netherlands already feature a registration system, which is called R3. However, 
this system includes both patient-related and factual factors, such as complications, number of 
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surgeries, and length of admission, rather than outcome measures. Outcome measurements 
are necessary and also of paramount importance for the hospital management and policy-
makers. Ultimately, the quality of healthcare could be more determined by improvement in 
outcomes instead of agreement to evidence-based guidelines. Although evidence-based 
guidelines seem an excellent tool to narrow the options for the best way to treat patients, it 
is expected that those patients who deliver better outcomes will guide the choice for certain 
treatment in the end. 
 To collect data, a large project has recently started in the Netherlands building a data 
system for burn care. The idea is to develop a base module, which is applicable for all patients 
with burns, and to supplement it with patient specific modules. Such specific modules comprise 
a protocol with outcome measures that need to be performed on predefined time-points post-
burn. In the future, different modules will be developed to meet the requirements of the whole 
population of patients with burns. It is expected that the combination of R3 with standardized 
outcome measures will provide the most optimal form of information to answer various 
questions. Furthermore, the International Consortium for Health Outcomes Measurement 
(ICHOM) is currently developing a standardized outcome set for ‘Burns’35. The ICHOM has 
convened groups of experts on specific conditions, together with patient representatives, to 
outline minimum standard outcome sets and risk factors. Already 45% of disease burden 
in high-income countries is covered (www.ichom.org). The outcome sets will lead to more 
standardized and rapid measurement, thus allowing to increase the collection and sharing of 
data. Ultimately, it is proposed that randomized registry will replace randomized trials. 
Low-end technology and PROMs
Two paradigm shifts can be designated that influence the movement of data collection. Firstly, 
medicine is likely to move from hospital to home care, and secondly, it becomes apparent 
that the importance of the doctor’s opinion has shifted to the even more important opinion of 
patients. 
The increasing use of low-end technology and the implementation of wearable devices give 
emphasis to these paradigm shifts. Low-end technology and wearable devices are based on 
affordability, access and acceptability, which are important aspects for user-friendliness, but 
also for health care costs. Moreover, these characteristics may allow implementation of low-
end technology not only in high-income countries, but also in less developed regions. During 
the study presented in chapter 5, we experienced that commitment to the low-end FLIR ONE 
thermal imager was easily obtained. This permitted the repeated measurement of a substantial 
number of patients. Compared to LDI, measurements with the FLIR ONE were less time 
consuming, which resulted in less burden for patients and investigators. It is our experience 
that these feasibility aspects are at least as important as good reliability and validity to be able 
to implement a device in clinical practice. Furthermore, wearable devices or tools that can be 
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used from home, which may be connected with mobile health apps, are able to longitudinally 
monitor a patient’s state. This requires less effort than hospital visits and patients are placed 
into a more active position when using these devices. Eventually, patients have to face the 
burns and have to live with the outcome after burns, thus, their opinion on the outcome of 
certain treatments or on scar progression is vital. Examples of devices are easily applicable 
scar evaluation tools, such as a 3D scanner that is integrated in a patient’s smartphone, or a 
mobile app to continuously monitor itch and pain. In addition to devices and technology, PROMS 
allow a broad perspective of the impact of scars on quality of life, which cannot be obtained 
from observer scales or ‘objective’ measures.36 In fact, a perfect objective measurement rarely 
exists, as each device requires the action of an operator and sometimes interpretation of an 
observer and this makes the measurement at least partially subjective. Indeed, it may be 
argued that PROMS are not of inferior quality compared to objective tools and should be seen 
as complementing – rather than replacing – clinical information. Recently, the first burn-scar 
specific health-related quality of life measure was developed: the Brisbane Burn Scar Impact 
Profile (BBSIP).37 Four versions are available for adults and children as well as for caregivers 
of children less than 8 years and 8 to 18 years. Additionally, the patient scale of the POSAS can 
be considered a PROM,38 as this questionnaire includes items such as pain and itch, which are 
reported to be associated with mental health.39 In the course of the studies on autologous fat 
grafting (chapter 10 and 11) we also experienced that the burden of symptoms is best captured 
through patient reporting. The patients’ improved scores on the POSAS item pliability mainly 
reflect this, as they frequently reported that the scar became less tight and stiff. Patients who 
suffered from pain preoperatively also experienced improvement after a single-treatment. 
Although scar evaluation by experts or ‘objective’ measures such as the Cutometer® is 
important, patient reporting is presumably of utmost importance. Nonetheless, measurement 
tools that acquire information for example on scar morphology, thereby providing insight into 
scar development or (patho)physiological processes during treatment, are surely an exception 
to this statement in the opinion of the author. In this context, it is hoped that techniques such 
as optical coherence tomography (OCT) and third-harmonic generation microscopy (THG) will 
eventually be able to obtain an ‘optical biopsy’ in a feasible and standardized fashion, providing 
us with new understandings of the underlying mechanisms. Accordingly, this may also benefit 
patients’ interest.  
Three-dimensional (3D) scanning and printing
When aiming at implementation of low-end technology in clinical practice, we would like 
to highlight low-end ‘depth sensors’, such as the Structure SensorTM (Occipital and Lynx 
laboratories, Boulder, Colorado, USA) as future measurement tools. Using structured light, 
depth sensors record the distance between each dot to construct a 3D geometric pattern. 
These depth sensors are either mounted on a tablet, such as an iPad mini (Apple Inc. 
Cupertino, California, USA), or integrated in mobile devices (Google Tango). The obtained 
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information in the form of 3D images is easily analyzed using the 3DUniversum software 
application (Science park, Amsterdam, Netherlands) (www.3duniversum.com, founded by T. 
Gevers and S. Karaoglu). Accordingly, instant wound and scar data can be provided. This is 
in contrast with the 3D camera used in the study described in chapter 6, in which analyses 
had to be performed in a software program requiring a trained user. Moreover, the technique 
used in chapter 6 is stereophotogrammetry, acquiring one 3D image for analysis, whereas 
the Structure SensorTMobtains multiple keyframes to obtain a 3D reconstruction of the 
object. At present, the clinimetric properties of the Structure SensorTM are being investigated. 
Unfortunately, the device produces images that are of insufficient quality with respect to 3D 
printing. However, other professional, user-friendly 3D scanners such as the Artec Eva Lite 
(Artec 3D, Luxembourg, Luxembourg) are already on the market for approximately 6000 euros, 
which are suitable to obtain high quality images for printing. It is anticipated that at the end 
of 2017, Microsoft will launch a new version of Windows 10 to cover Paint 3D, which will allow 
for fast import and processing of scans. This program may become available and accessible 
for everyone. Furthermore, other depth sensors are being developed by Google and Apple, 
which may provide supreme information in the future. It is expected that the integration of 
technology with mobile devices such as tablets, smartphones, and desktop computers, and the 
accessibility of corresponding software will simplify and increase the use of 3D scanning and 
printing in medicine. 
 In light of technological advances in contemporary clinical practice, several ongoing research 
projects by our group are currently focusing on the possibilities of 3D bioprinting: printing 
patient-tailored living tissue constructs such as ear or nasal cartilage for reconstruction of 
seriously burned patients.40 Nonetheless, printing living cells in a biologically inspired matrix 
that mimics the native tissue remains a great challenge. Therefore, the clinical application of 
this technique may take a few more years, but 3D bioprinting has great potential to overcome 
the limitations that are experienced when autologous tissue is used. 
 Another application of 3D scanning and printing is already further developed and 
implemented in clinical practice; it relates to the manufacturing of cervical collars for patients 
that had to deal with severe burn wounds in the neck region [manuscript in preparation]. In 
our burn center, light scanning is performed using the handheld Artec Eva 3D laser surface 
scanner at the time the burn wounds are healed. Subsequently, scan data are processed in 
the 3D InnovationLab of the VU medical center, where a personalized silicone cervical collar is 
fabricated from a 3D-printed mold. Several advantages can be attributed to this method; the 
procedure is non-invasive thus the patient burden is minimal, the whole process from scanning 
to providing the patient with the collar can be reduced up to one week and the costs are lower 
compared to the previous method (collars made from plaster models). At present, 7 patients 
are scanned and provided with a silicone cervical collar and this is showing promising results, 
which may give rise to a future research project. 
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 Finally, one of the most exciting applications of 3D printing in burn medicine is at an early 
stage, but nevertheless anticipated as a future trend.41 In animal models, progress has been 
made by successfully printing fully cellularized skin substitutes. Furthermore, researchers 
have used in situ bioprinting, in which viable skin cells are directly printed onto burn wounds 
after the defect has been scanned and mapped.42 It seems that when this approach makes its 
way into clinical practice, it will cover the utmost integration of burn wound assessment and 
treatment without the need for autologous skin grafting.
POSAS 3.0
As briefly mentioned, the POSAS is an example of a PROM in burn care. The POSAS is the most 
frequently used tool for scar assessment and has been adopted throughout the world in various 
fields. The current version (POSAS 2.0) is besides burn scars also tested successfully on linear 
scars.43 With worldwide involvement of patients and health-care professionals within the field, 
our research group just started an important project in this field, which is the development and 
implementation of the POSAS 3.0. One of the important aspects of this project will be to find 
out whether observed changes in POSAS scores are of clinical relevance or what they mean for 
patients. This is the so-called interpretability of an instrument, which allows for an adequate 
interpretation of scores in clinical practice and in research. Furthermore, the current items 
that constitute the POSAS will be re-evaluated. The insights that were obtained during the study 
described in chapter 7 may provide food for thought on the currently identified observer item 
‘vascularization’. In addition, a previous Rasch analysis (i.e. a profound statistical approach) of 
the POSAS 2.0 suggested that the 10-point scale could be reduced without losing information,44 
which will also be investigated in this project. 
CONCLUSION
From the studies described in this thesis, our group has obtained new insights in burn care. 
Going forward, we feel that it is of paramount importance to set-up research projects, containing 
a linear approach when it comes to burn wound classification, outcome measures for burns 
and scars, and the uniform use of terminology. It is anticipated that the integration of patient 
perspectives and clinical data will increasingly be used to evaluate interventions. As patients 
have to face the burden of their injury, their opinion on outcomes such as scar quality and 
quality of life is of utmost importance and will accordingly guide treatment decision-making. 
We are optimistic that with international initiatives, collaborations and teamwork between burn 
clinicians, researchers, patients, and clinimetric groups, standardization will be reached. In 
this way, the quality of future research and burn care will continuously evolve.
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“We shall not cease from 
exploration, and the end of all 
our exploring will be to arrive 
where we started and know 
the place for the first time”                    
(T.S. Eliot)
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SUMMARY
A shift in burn care practice has been observed. Advances in acute burn care have significantly 
placed the mortality of burn injuries in a downward trend. As a result, outcome parameters 
such as scar quality and quality of life are becoming increasingly important. The studies 
described in this thesis aimed at improving the outcome of burn patients by concentrating on 
three domains: burn wound assessment (Part I), scar assessment (Part II), and reconstructive 
surgery techniques (Part III). 
Part I.    Burn wound assessment
Each clinician regularly faces the question ‘will this burn wound heal by conservative treatment 
or is surgical treatment indicated to promote wound closure and thereby perhaps the final scar 
quality’?
 To be able to answer this question, most clinicians will agree that it is essential to perform 
adequate burn wound assessment, which provides a diagnosis and indirectly also a prognosis. 
The most frequently used method to assess burn wounds is clinical evaluation, as it is readily 
available in every country. Using visual and tactile inspection of the surface of the wound, 
the burn wound can be allocated to a certain category of a classification system. In chapter 
2, we described the development of burn wound classification systems over the years and 
concluded that three classification systems are being used concurrently, resulting in both 
misunderstanding and the hindrance of correct comparison between clinical studies. We 
emphasized that it is of great importance to speak a common language both in research and 
in the clinical assessment of patients with burns, which would be achieved by standardization. 
Therefore, our proposal is for a versatile scheme, which contains aspects of burn wound 
pathophysiology, clinical symptoms, a simplified classification system, and designation of 
treatment modalities. In addition, the scheme comprises outcomes of laser Doppler imaging 
(LDI), which is currently the best technique based on the state-of-the-art technology as shown 
in chapter 3. Since it is generally known that it is difficult to assess the exact amount of tissue 
destruction by clinical evaluation, it is recommended to use LDI to improve the validity of burn 
wound assessment. The proposed scheme has been developed in such a way that it can be 
expanded with other measurement tools next to LDI, for example thermography. In chapter 
4 and 5, thorough clinimetric evaluations of two thermal imaging tools were performed, to 
find out whether these measurement tools can assist clinicians in burn wound assessment. 
Advantages of these tools are their small size, low price and user-friendliness, thereby being 
examples of low-end technology. It was shown that thermography is pre-eminently feasible, 
allowing easy and fast measurements in clinical burn practice. Additionally, the technique 
comprised good reliability, but the validity can be further improved by additional research. 
Therefore, a larger study is proposed to evaluate the validity of the FLIR ONE thermal imager 
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when it is used as an add-on test (i.e. clinical evaluation + FLIR ONE versus only clinical 
evaluation).
By stressing the importance of a uniform burn wound classification system and the use of 
measurement tools to assist clinicians in burn wound assessment, we intended to encourage 
researchers and clinicians to pursue standardization in this domain of burn wound care. In 
addition, it was brought to attention that within burn wound assessment, various constructs 
can be evaluated. Burn wound depth and healing potential are the most frequently used 
and closely related, but yet different. Therefore, when performing research, it is essential to 
provide a precise description of which construct is aimed to measure. In addition, definitions 
of constructs measuring different aspects of burn wounds should be developed, to better 
understand the constructs and relationships between these constructs.
Part II.    Aspects of scar assessment 
In addition to burn wound assessment, this thesis also concerned various aspects of scar 
assessment. First, the focus was on assessment of hypertrophic scars and keloids to be able 
to monitor the response to interventions. Due to the notable thickness of these types of scars, 
treatment strategies are often directed at flattening of the scar, which in turn makes ‘volume’ 
an important scar feature to assess. Until now, there was no tool available to non-invasively 
measure volume during clinical or scientific follow-up. The study described in chapter 6 
showed that three-dimensional (3D) stereophotogrammetry could be used to quantitatively 
measure scar volume for research purposes. For the clinical follow-up of an individual 
patient, the measurement error was too high. Currently, other 3D techniques and tools, such 
as the Structured 3D-scannerTM (Occipital and Lynx laboratories, Boulder, Colorado, USA), 
are entering the market, which may provide even better results and supreme feasibility. It is 
anticipated that in the future, 3D techniques will not only be used in scar assessment, but also 
in reconstructive surgery through 3D scanning and printing of patient-tailored (bioactive) tissue 
constructs.
 In chapter 7, hypertrophic scars were assessed by various techniques (i.e. LDI, colorimetry, 
subjective assessment and immunohistochemistry) that all focus in a certain way on the 
aberrant color of these scars. We experienced that the outcome terms of these techniques 
are used interchangeably, and sometimes gathered under the umbrella term ‘vascularization’, 
which can be confusing. Moreover, it was never tested to what extent the outcomes of the 
techniques are correlated. In our study, only a statistically significant correlation was found 
between erythema values (colorimetry) and subjective redness assessment (POSAS), which 
seems to indicate that erythema and redness are associated, but that the other techniques 
measure different scar features. Therefore, we recommended the use of precise definitions of 
each outcome in research as well as in clinical practice. 
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 The most experimental study of this thesis was described in chapter 8, in which we 
investigated the suitability of a custom-made polarization sensitive optical coherence 
tomography (OCT) system to provide information on scar morphology, in particular, on collagen. 
OCT is a non-invasive technique, using light to produce images of approximately 1.5 mm tissue 
in-depth. It was concluded that the birefringent properties of a scar, conceivably constituted by 
the unidirectional aligned collagen fibers, could be imaged and quantified with the polarization 
sensitive OCT system. Future work has to be performed to be able to study hypertrophic 
scars longitudinally in clinical practice, thereby requiring less time for data processing and 
interpretation. 
Part III.    New techniques in reconstructive surgery
In the third part of this thesis, new reconstructive surgery techniques for patients with 
contractures and adherent scars were evaluated, with the aim of improving their quality of life. 
Due to the considerable limitations in daily life that are caused by scar contractures, surgical 
treatment (contracture release) is often indicated. In a randomized controlled trial (chapter 
9), the effectiveness of perforator-based interposition flaps compared to full thickness skin 
grafts (FTSGs) was studied for contracture releasing procedures. It was brought to light that 
perforator-based flaps increase to 142% of the initial surface area over a 12-month period, 
whereas 92% of the surface area of FTSGs remains. In addition, the final scar quality following 
a flap procedure was superior compared to FTSGs and we found a lower percentage of necrosis 
in flaps; 6% versus 17% in FTSGs. Accordingly, it is strongly recommended, if possible, to use 
perforator-based interposition flaps instead of FTSGs for contracture releasing procedures. 
 Research at the end of this thesis (chapter 10 and 11) focused on the use of autologous 
fat grafting (AFG). Severe injuries, such as burns or necrotizing fasciitis, may destruct not 
only the skin but also the subcutaneous tissue. The resulting scars often become adherent 
to underlying structures, causing scar stiffness, pain, and sometimes friction and a limited 
range of motion. AFG provides the possibility to reconstruct a thin but functional sliding layer 
underneath these scars. We demonstrated sustainable effectiveness of single-treatment AFG, 
indicated by improved pliability and overall scar quality at 12 months postoperatively. This was 
the first clinical study assessing the long-term effect of AFG on functional scar parameters 
using a comprehensive scar evaluation protocol, thereby providing imperative evidence for 
health insurance companies in the Netherlands. At the moment of finishing this thesis, in June 
2017, AFG was reimbursed for this indication. 
 The current data could be expanded by future research into functional improvement and 
the patient’s mobility after AFG. Especially when several AFG treatments are performed over 
larger scar surface areas, it would be of interest to investigate the effect on quality of life. In 
addition to the presented clinical studies on the effectiveness of AFG, a Letter to the Editor 
was included in chapter 12, in which the results of a randomized controlled trial performed by 
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colleagues was considered. This appraisal may provide food for thought regarding the set-up 
of future studies on AFG. 
 Given the convincing evidence that perforator-based interposition flaps and AFG are 
effective, versatile and safe, it is recommended that these techniques are added to the 
armamentarium of reconstructive (burn) surgeons. 
In chapter 13, conclusions of this thesis were reviewed and future perspectives were delineated. 
From the studies described in this thesis, our group has obtained new insights in burn wound 
classification, outcome measures for burn wounds and scars, the use of terminology, and 
reconstructive surgery techniques. Finally, upcoming projects such as the development of the 
POSAS 3.0, big data, and 3D scanning and printing were highlighted, as we feel that these 
projects will advance burn care in the next years.
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De afgelopen 20 jaar hebben grote veranderingen plaats gevonden binnen de brandwondenzorg. 
Een aantal verbeteringen binnen de acute brandwondenzorg heeft ervoor gezorgd dat de 
sterfte van patiënten met brandwonden aanzienlijk is gedaald. Als positief gevolg hiervan 
is er nu meer ruimte om te focussen op uitkomstmaten zoals littekenkwaliteit en kwaliteit 
van leven. De studies beschreven in dit proefschrift richten zich op het verbeteren van deze 
uitkomstmaten. Het proefschrift is opgedeeld in drie delen: de beoordeling van brandwonden 
(Deel I), littekenevaluatie (Deel II) en reconstructieve operatie technieken (Deel III).
Deel I.    Beoordeling van brandwonden
Iedere brandwondenarts stelt zichzelf regelmatig de vraag: “zal deze wond genezen door middel 
van conservatieve behandeling (met verbandmiddelen) of is een chirurgische behandeling (met 
huidtransplantaties) nodig?” Deze vraag is van belang om een uitspraak te kunnen doen over 
de wondgenezing, maar daardoor ook al over de uiteindelijke littekenkwaliteit.
 Om de vraag te kunnen beantwoorden, zullen de meeste artsen beamen dat het essentieel 
is om een  adequate beoordeling van de ernst of ‘diepte’ van een brandwond te verrichten. Deze 
beoordeling betreft een diagnose, maar indirect geeft het dus ook een prognose. Wereldwijd is 
‘klinische evaluatie’ de meest gebruikte methode om brandwonden te beoordelen. Door middel 
van visuele en tactiele inspectie van het wondoppervlak kan de brandwond worden toegewezen 
aan een bepaalde categorie van een classificatiesysteem. In hoofdstuk 2 is de ontwikkeling 
van brandwond classificatiesystemen door de jaren heen beschreven en is geconcludeerd 
dat er meerdere classificatiesystemen gelijktijdig worden gebruikt. Dit resulteert soms in 
misverstanden en het belemmert een juiste vergelijking tussen klinische studies. In hoofdstuk 
2 is daarom benadrukt dat het van groot belang is om een  gemeenschappelijke taal te spreken, 
zowel in onderzoek als in de klinische beoordeling van patiënten met brandwonden. Dit kan 
mogelijk door standaardisatie worden bereikt. Derhalve hebben we een schema voorgesteld 
dat gebruikt kan worden bij de beoordeling van brandwonden. Het schema bevat de volgende 
aspecten van brandwonden: de pathofysiologie, klinische symptomen, de classificatie en 
mogelijke behandelmodaliteiten. Daarnaast omvat het schema de uitkomstmaten van laser 
Doppler imaging (LDI). Dit is een instrument dat de doorbloeding van brandwonden meet en 
op basis daarvan informatie geeft over de mogelijke genezingstijd. Momenteel is LDI het beste 
meetinstrument op basis van de state-of-the-art technologie, zoals in hoofdstuk 3 is getoond. 
Aangezien het moeilijk is om de exacte hoeveelheid aangedaan weefsel vast te stellen met 
klinische evaluatie, wordt aanbevolen LDI te gebruiken om de validiteit van de beoordeling 
van brandwonden te verbeteren. Het voorgestelde schema is zodanig ontwikkeld dat deze kan 
worden uitgebreid met andere meetinstrumenten naast LDI, zoals thermografie. 
 In hoofdstuk 4 en 5 zijn studies beschreven waarin twee thermografie camera’s klinisch zijn 
geëvalueerd. Met behulp van die evaluatie kunnen we achterhalen of deze meetinstrumenten 
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geschikt zijn om clinici te helpen bij de beoordeling van brandwonden. Voordelen van thermografie 
camera’s zijn de handzaamheid, lage prijs en gebruiksvriendelijkheid, waardoor simpele en 
snelle metingen in de klinische praktijk mogelijk zijn. Bovendien toont de techniek een goede 
betrouwbaarheid, echter, de validiteit was nog niet optimaal en kan worden verbeterd. Het is 
bijvoorbeeld mogelijk om de validiteit te optimaliseren wanneer de camera als aanvullende test 
wordt gebruikt. Daarom wordt een grotere studie voorgesteld waarin de validiteit van de FLIR 
ONE thermische camera wordt getest in combinatie met klinische evaluatie.
 Om in de toekomst goed onderzoek te doen naar behandelingen voor brandwonden zijn valide 
en betrouwbare methoden nodig om het resultaat te kunnen meten. Door de nadruk te leggen 
op het belang van een uniform classificatiesysteem en het gebruik van meetinstrumenten bij 
de beoordeling van brandwonden, hopen we onderzoekers en clinici aan te moedigen om de 
focus op standaardisatie te vergroten. 
Deel II.    Aspecten van littekenevaluatie 
Naast de beoordeling van brandwonden omvat dit proefschrift een aantal hoofdstukken waarin 
diverse aspecten van littekenevaluatie worden beschreven. Als eerste werd gekeken naar de 
beoordeling van hypertrofische littekens en keloïden. Dit zijn twee vormen van problematische 
littekens die vaak een aanvullende behandeling vereisen. Om de respons op behandelingen en/
of interventies te kunnen volgen, is het van belang om adequate littekenevaluatie uit te voeren. 
Vanwege de opmerkelijke dikte van deze type littekens, zijn behandelingen vaak gericht op 
het afvlakken van het litteken. Hierdoor is ‘volume’ een belangrijke littekeneigenschap 
om te beoordelen. Lange tijd was er geen meetinstrument beschikbaar om het volume op 
een niet-invasieve manier vast te stellen. De studie beschreven in hoofdstuk 6 laat zien dat 
driedimensionale (3D) stereofotogrammetrie gebruikt kan worden om het littekenvolume 
kwantitatief te meten voor onderzoeksdoeleinden. Voor de klinische follow-up van een 
individuele patiënt was de meetfout te hoog. Momenteel komen er andere 3D-technieken 
en meetinstrumenten op de markt, zoals de Structured 3D-scanner™ (Occipital en Lynx 
laboratoria, Boulder, Colorado, USA). Deze scanner biedt mogelijk nog betere resultaten. We 
verwachten dat 3D technieken in de toekomst niet alleen binnen de littekenevaluatie zullen 
worden gebruikt, maar ook binnen de reconstructieve chirurgie door middel van 3D-scannen 
en printen van patiënt-specifieke (bioactieve) weefselconstructies.
 Een andere eigenschap van hypertrofische littekens is dat het litteken vaak rood is. In 
hoofdstuk 7 zijn hypertrofische littekens beoordeeld door verschillende technieken; LDI, een 
kleurmeter, subjectieve beoordeling en in het laboratorium middels een immunohistochemische 
kleuring van een stukje littekenweefsel. Deze technieken richten zich in zekere zin allemaal 
op de afwijkende kleur/roodheid van de littekens. Er is geconstateerd dat de uitkomstmaten 
van de technieken door elkaar heen worden gebruikt en soms worden verzameld onder de 
overkoepelende term ‘vascularisatie’. Dit kan voor verwarring zorgen en bovendien was nog nooit 
getest in hoeverre de uitkomsten van de technieken gecorreleerd zijn. In de studie beschreven in 
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hoofdstuk 7 is enkel een statistisch significante correlatie gevonden tussen de waarden van de 
kleurmeter en de subjectieve beoordeling van de roodheid. Daarom is het van belang om in de 
toekomst nauwkeurig te definiëren welk eigenschap van een litteken men beoogt te meten. Dit 
dient binnen onderzoek te gebeuren maar ook in de dagelijkse klinische praktijk. 
 De meest experimentele studie van dit proefschrift is beschreven in hoofdstuk 8, waarin de 
geschiktheid van een op maat gemaakt instrument is onderzocht: polarisatie gevoelige optische 
coherentie tomografie (OCT). Dit is een hightech instrument dat in staat is om informatie te geven 
over de hoeveelheid collageen dat zich in littekens bevindt. OCT is een niet-invasieve techniek 
waarbij licht wordt gebruikt om beelden van ongeveer 1,5 mm weefsel in diepte te produceren. Er 
is geconcludeerd dat bepaalde eigenschappen van een litteken, gevormd door de recht uitgelijnde 
collageenvezels, kunnen worden afgebeeld en gekwantificeerd met het polarisatie gevoelige 
OCT-systeem. Er zijn aanvullende studies nodig om de techniek verder te ontwikkelen met als 
doel om uiteindelijk minder tijd te besteden aan de verwerking van gegevens en de interpretatie 
van de beelden. In de toekomst zal het misschien mogelijk zijn om de techniek te gebruiken voor 
observatie van (de ontwikkeling van) littekens in de dagelijkse klinische praktijk. 
Deel III.    Nieuwe technieken binnen de reconstructieve chirurgie
In het derde deel van dit proefschrift zijn chirurgische technieken geëvalueerd voor de 
behandeling van patiënten met contracturen en vastzittende littekens (zie Figuur 1 Introductie), 
met als doel hun levenskwaliteit te verbeteren. Contracturen ontstaan doordat littekens 
de neiging hebben om samen te trekken, waardoor een relatief tekort aan huid ontstaat. 
Vastzittende littekens zijn veelal het gevolg van de afwezigheid van de onderhuidse vetlaag, de 
subcutis. Deze anatomische structuur kan aangedaan zijn door ernstige brandwonden of indien 
het noodgedwongen verwijderd wordt gedurende een operatie.
 Vanwege de aanzienlijke beperkingen die in het dagelijks leven door littekencontracturen 
worden veroorzaakt, is het vaak nodig om deze littekens chirurgisch te behandelen. Deze 
behandeling berust op het opheffen van de contractuur en vervolgens het opvullen van het defect 
met gezonde huid van elders. Hierdoor wordt meer ruimte en bewegingsvrijheid verkregen. Het 
is bekend dat de toegevoegde gezonde huid in zekere mate weer kan krimpen over de tijd heen. 
Daarom is het van belang om te onderzoeken welk type toegevoegde huid een aantal maanden na 
de operatie een zo optimaal mogelijk oppervlak behoudt. In een gerandomiseerde gecontroleerde 
studie (hoofdstuk 9) is de effectiviteit van lokale huidlappen (inclusief onderliggend vetweefsel en 
een bloedvat/perforator) vergeleken met een huidtransplantaat van volledige dikte ten behoeve van 
het opheffen van contracturen. Er is aangetoond dat de oppervlakte van de perforator huidlappen in 
een periode van 12 maanden stijgt tot 142% van het initiële oppervlak, terwijl 92% van het oppervlak 
van de volledige dikte huidtransplantaten overblijft. Daarnaast was de uiteindelijke littekenkwaliteit 
na een huidlap superieur ten opzichte van een huidtransplantaat en is een lager percentage 
necrose in huidlappen gevonden; 6% versus 17% in de huidtransplantaten. Daarom wordt het sterk 
aanbevolen, indien mogelijk, lokale huidlappen gebaseerd op een perforator (bloedvat) te gebruiken 
in plaats van volledige dikte huidtransplantaten voor het opheffen van contracturen.
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 De studies aan het einde van dit proefschrift (hoofdstuk 10 en 11) richten zich op het gebruik 
van autologe (lichaamseigen) vettransplantatie. Ernstige verwondingen, zoals brandwonden 
of necrotiserende fasciitis (vleesetende bacterie), kunnen niet alleen de huid, maar ook het 
onderliggende vetweefsel aantasten. De resulterende littekens zitten vervolgens vast op de 
onderliggende structuren zoals pezen, spieren of bot. Hierdoor ontstaat stijfheid, pijn en soms 
wrijving of een bewegingsbeperking. Vettransplantatie biedt de mogelijkheid om een dunne maar 
functionele glijlaag onder deze littekens te reconstrueren. In hoofdstuk 10 en 11 is de effectiviteit 
van een eenmalige behandeling met vettransplantatie aangetoond door het waarnemen 
van een verbeterde plooibaarheid en littekenkwaliteit 3 en 12 maanden na de operatie. Dit is 
de eerste klinische studie waarbij het langetermijneffect van vettransplantatie op functionele 
littekenparameters is beoordeeld met behulp van een uitgebreid littekenprotocol. Vanwege het 
feit dat vettransplantatie niet vergoed werd in Nederland, heeft deze studie bijgedragen aan 
noodzakelijk bewijs voor de zorgverzekeraars. Op het moment van afronden van dit proefschrift, 
in juni 2017, is bekend geworden dat vettransplantatie voor de indicatie ‘vastzittende littekens’ is 
toegevoegd aan het basispakket.
 De huidige resultaten kunnen worden uitgebreid door in de toekomst onderzoek te verrichten 
naar de functionele verbetering en mobiliteit van patiënten na behandeling met vettransplantatie. 
Zeker wanneer meerdere vettransplantaties worden uitgevoerd op grotere littekenoppervlakken, 
is het van belang om het effect op de kwaliteit van het leven te onderzoeken. Naast de 
gepresenteerde klinische studies over de effectiviteit van vettransplantatie is een kort manuscript 
(‘Letter to the Editor’) toegevoegd aan dit proefschrift (hoofdstuk 12), waarin de resultaten van 
een gerandomiseerde gecontroleerde studie uitgevoerd door collega’s zijn beschouwd. Met 
betrekking tot het opzetten van toekomstige studies op het gebied van vettransplantatie biedt dit 
opinie stuk een aantal overwegingen. 
 Gezien het overtuigende bewijs dat zowel huidlappen gebaseerd op een perforator als 
vettransplantatie effectieve, veelzijdige en veilige behandelingen zijn, wordt aanbevolen om deze 
technieken toe te voegen als behandelopties binnen de reconstructieve (brandwond) chirurgie.
In hoofdstuk 13 zijn de conclusies van dit proefschrift bediscussieerd en is een uiteenzetting 
gegeven wat betreft het toekomstperspectief binnen de brandwondenzorg. Onze 
onderzoeksgroep heeft nieuwe inzichten verkregen door de studies die in dit proefschrift zijn 
beschreven. Dit betreft inzicht in de classificatie van brandwonden, in uitkomstmaten voor de 
beoordeling van brandwonden en littekens en in het gebruik van juiste terminologie. Daarnaast 
zijn er twee nieuwe reconstructieve operatietechnieken beschreven die kunnen bijdragen aan 
een betere littekenkwaliteit en daardoor kwaliteit van leven van patiënten. Tot slot zijn in de 
Discussie een aantal nieuwe projecten aangehaald, zoals de ontwikkeling van de POSAS 3.0 
(een littekenscoringsschaal), ‘big data’ en 3D-scannen en printen, omdat we van mening zijn dat 
deze projecten de komende jaren een belangrijke rol zullen spelen binnen de verbetering van de 
brandwondenzorg.
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•   ‘Vascularization’ in hypertrophic scars evaluated by different tools – an explorative study.
 SCARCON 2016 (Antwerp), ISBI 2016 (Miami)
•   Het positieve effect van vettransplantatie op de kwaliteit van littekens.
 NVPC najaarsvergadering 2015 (Amsterdam)
•   The positive effect of fat grafting on the quality of scars.
 SCAR Club 2015 (Montpellier), EBA 2015 (Hannover)
•   Thermography for measuring burn wound depth.
 EBA 2015 (Hannover)
•   3D stereofotografie: een betrouwbare en valide methode voor het meten van litteken 
volume?
 Refereeravond Brandwondencentrum 2014 (Beverwijk)
Poster presentations
•   In vivo polarization sensitive optical coherence tomography of human burn scars. 
 ISBI 2016 (Miami)
•   Thermography for measuring burn wound depth – A clinimetric analysis.
 9th Science Exchange Day VU (Amsterdam)
Awards
2016 Martinus van Marum prijs, KNMG district Spaarne & Amstel
2016 Best free presentation, SCARCON
2015  Prijs voor de beste voordracht, NVPC najaarsvergadering
2015 Nominated for best oral presentation, EBA
2015  Wetenschapsprijs beste abstract/poster combinatie, 9th Science Exchange Day VU
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En dan tot slot.. het dankwoord! Het is het hoofdstuk waar je als promovendus al lang over 
filosofeert en dat maakt het een bizarre gewaarwording dat nu het moment daar is. Als 
iemand me een paar jaar geleden had gevraagd of ik ooit zou willen promoveren dan wist ik dat 
misschien nog niet zo zeker. Nu kan ik alleen maar concluderen: wat is het waardevol en leuk 
om een bepaalde periode helemaal op te gaan in onderzoek. Gelukkig doe je onderzoek niet 
alleen. Er hebben veel mensen bijgedragen aan de totstandkoming van dit proefschrift, zonder 
jullie hulp was het nooit gelukt. 
Als eerst gaat mijn dank uit naar alle patiënten die aan de verschillende studies hebben 
deelgenomen. Het is mooi om te zien hoe jullie je willen inzetten om de brandwondenzorg in 
de toekomst nog beter te maken. 
Mijn promotoren. 
Beste Paul,
Het bootje heeft koers gekozen en de oversteek gemaakt.. Dank dat ik mocht starten met dit 
project en dat je me de kans hebt gegeven om er 3 jaar full time aan te werken. Wat was het 
een vette reis, ik had het voor geen goud willen missen. Je was voor mij de perfecte promotor, 
met je vrije begeleiding, intermezzo colleges, relativeringszin en vele cappu’s op ‘t dak of in 
‘t kot. Ik ga de intensieve en goeie samenwerking missen, maar hoop over een paar jaar de 
reconstructieve technieken van je te mogen leren!
Beste Esther,
Heel blij was ik met jou als mede promotor want voor meer concrete feedback moest ik bij jou 
zijn. Veel dank voor de inzichten en aanvullingen op meerdere stukken van dit proefschrift en 
dat ik onderzoek mocht doen voor de VSBN. Er is maar één echte opperonderzoeker die altijd 
raad weet en ik heb veel bewondering voor die ervaring en kennis. 
Geachte leden van de leescommissie, hartelijk dank voor het beoordelen van mijn proefschrift. 
Geachte prof. dr. V.W. van Hinsbergh, veel dank voor uw bereidheid om plaats te nemen in de 
oppositie. Ik kijk uit naar de aanstaande discussie. 
Medeauteurs van de verschillende manuscripten.
Dank voor alle input en dat ik van jullie feedback mocht leren. Jullie hebben een heel belangrijke 
bijdrage geleverd. In het bijzonder:
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Katrien Brouwer, Postdoc bij de VSBN.
Vetcellen tellen leek gemakkelijk maar het bleek een lastig goedje te zijn! Ik vond het ontzettend 
leerzaam om met jou samen te werken. Daarnaast heb je heel wat stukken gefinetuned, dank 
voor je betrokkenheid de afgelopen jaren.
Toine van Trier, Plastisch Chirurg in het Rode Kruis Ziekenhuis.
Bedankt voor de vettransplantaties en de extra tijd die je soms kwijt was voor de studie. Ik ben 
geïnspireerd door jouw kijk op de plastische chirurgie en hoop dat ik in de toekomst nog een 
tijd onder jouw klinische hoede val. 
Wieneke Mokkink, Assistant professor, Epidemiology and Biostatistics, VUmc.
Op de valreep bedacht ik om een systematic review te schrijven, maar zonder jou zou het op 
dit moment nog steeds chaos met de constructen zijn. In twee maanden heb ik 43(!) mailtjes 
van je gekregen en heel veel geleerd over het uitvoeren van een review met betrekking tot 
de kwaliteit van meetinstrumenten. Ontzettend bedankt voor het delen van jouw kennis en je 
snelle reacties. 
Fabio Feroldi, PhD student, Physics and Astronomy, VU University.
What an OCT journey it was.. Thanks for all your efforts. Hopefully our fruitful collaboration will 
lead to acceptance in JBO. 
Onderzoekers, analisten, PhD’s en medewerkers van de VSBN.
Ik heb altijd uitgekeken naar de maandelijkse besprekingen op donderdagochtend, die gaven 
extra diepgang aan mijn promotietijd. Marcel, veel dank voor alle kleuringen en analyses. 
Stagiaires Ilse, Thijs en Ludo.
Bedankt voor jullie enthousiasme, inzet en hulp bij de diverse studies. Veel succes in de 
toekomst!
Stagiaire en opvolgster.
Lieve Michelle, waar het berekenen van delta T’s wel niet goed voor kan zijn. Dank voor alles 
wat je voor het FLIR project hebt gedaan, je was een top student en ik denk dat de POSAS 3.0 
jou op het lijf geschreven is!
Secretaresses van het Brandwondencentrum (BWC).
Angelique en Patricia, bedankt voor jullie interesse en gezelligheid door de jaren heen. Jullie 
zijn voor mij het boegbeeld bij binnenkomst van het BWC.
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Daarnaast zijn er nog zoveel behulpzame mensen in het Rode Kruis Ziekenhuis die hebben 
meegewerkt aan dit proefschrift. Alle verpleegkundigen en medewerkers van het BWC, de 
Afdeling A5, de poli Chirurgie en Plastische Chirurgie, OK medewerkers, Hilly en Joke van het 
Opnamebureau en Tako, dank voor al je snelle hoge-resolutie-print acties als ik weer met m’n 
USB-stick de kelder in kwam rennen.
Bregje Jaspers, veel dank voor het creatieve design van dit proefschrift, ik vond het vanaf de 
eerste opzet al mooi.
Mark Brewin, Clinical Scientist from Salisbury Laser Clinic.
Thank you so much for your help and sound comments on the classification review, but also for 
sure on the introduction and discussion of this thesis. Otherwise it would be some Denglish. I 
really appreciate your view and hope we’ll meet again.
Collega’s van de Chirurgie uit het Rode Kruis Ziekenhuis.
Het was een bewuste keuze om nog twee jaar in Beverwijk te blijven en daar ben ik dan ook 
vanaf de eerste dag van m’n opleiding heel blij mee. Dank voor de goede start en fijne manier 
van opleiden!
Collega’s van de Plastische Chirurgie uit het VUmc.
Ik dompel me nog even onder in de chirurgie maar verheug me nu al op het plastische 
hoofdstuk. Dr. Winters, beste Hay, veel dank voor je fiducie. 
Lieve Collega’s van het BWC en KOT bewoners.
Mooie herinneringen heb ik aan alle goede gesprekken met jullie, de congressen in binnen- 
en buitenland, de honderden keren kloppen voor een verse cappuccino, de tulpenmomenten, 
kotbesprekingen en lange zomerlunches op het dak. De jaren zijn voorbij gevlogen, heel veel 
dank voor een fantastische tijd! 
Anita, Alette en Aardie, het was heel fijn om met jullie samen te werken. Dominique, dankjewel 
voor je bijdrage en hulp in de begin fase en Anouk voor de ondersteuning van de laatste loodjes, 
de Beaver University heeft altijd een goede onderzoekscoördinator. 
Brandwondenartsen.
Fenike, weet je nog? “je bent kleurrijker dan je kleding doet vermoeden” en ik heb dan ook jouw 
kleurrijke verschijning het laatste jaar gemist! Dankjewel voor de mooie tijd en wijsheid die je 
me hebt meegegeven vanaf rechts achter. 
Jos, al vrij snel hoopte ik dat jij ooit in mijn oppositie zou zitten. Een brandwonden expert pur 
sang, met droge humor, enorme kennis en kunde. Dank voor alles wat ik van je geleerd heb. 
251
DANKWOORD
Kim en Dorotka, experts van de toekomst. Jullie drive voor de brandwonden is groot en doet 
het centrum veel goeds. Dorotka, dank voor je input bij een aantal studies en Kim voor al je 
hulp, de metingen en waardevolle kritische blik op al het onderzoek dat we doen. 
Annebeth, een wervelwind aan energie ontstond er toen jij kwam! Je enthousiasme werkt 
aanstekelijk en ik ben heel blij dat ik zowel vanuit de chirurgie als de brandwonden met je mag 
samenwerken.
Zjir, het kot heeft gewoon altijd een man nodig. Ik heb mooie herinneringen aan mijn 
onderzoekstijd met jou en gelukkig kunnen we die sfeer doorzetten bij de chirurgie. Ik kijk uit 
naar jouw promotie!
Kelly, misschien moesten we even aan elkaar wennen maar die tijd hebben we dubbel en 
dwars ingehaald. Ik vind het heel knap hoe jij 7 projecten tegelijk aanslingert. Volg je hart bij de 
keuzes die gaan komen, dan komt het goed. 
Matthea, jouw hulp voor de vettransplantatie studie is goud waard. Daarnaast is het heerlijk 
om naar je grappen te luisteren en jou het ijs met alle patiënten te zien breken. 
 
Roos en Pauline, onderzoekers van het eerste uur, ondanks dat we nooit samen in het kot 
hebben gezeten kijk ik er altijd enorm naar uit om bij te kletsen op een congres of elders. Dank 
voor jullie belangstelling en de tips & tricks (m.b.t. onderzoek maar ook zeker daarbuiten). 
Martijn, de motivatiebrief voor een stageplek schreef ik vanaf Curaçao, ik ben je dankbaar dat 
ik toen mocht komen en vind je een hele gezellige van de ouwe garde. 
Carlijn, Lieve C-tje, wat was ik blij om jouw opvolgster te mogen zijn! Dankjewel voor de 
introductie in de wondere wereld van de klinimetrie en op het BWC. Ik ben onder de indruk 
van je doorzettingsvermogen en vind het fantastisch hoe je alles combineert (je bent dan ook 
stiekem een groot voorbeeld). Ik hoop dat we in de toekomst samen op OK zullen staan!
Lieve vriendinnen uit Deventer e.o., Groningen, Curaçao, van mooie reizen, de Kanaalstraat en 
vrienden van Jur die nu ook een beetje mijn vrienden zijn, 
Dank voor de nodige afleiding en alle gezellige momenten, diners en feestjes. Jullie vriendschap 
geeft me een gevoel van geluk en maakt het leven zo mooi.
Lieve Mieke en Willem,
Op de fiets naar de Geschutswerf om even bij te praten of te eten. Het is altijd gezellig om jullie 
te zien en een heel fijn idee dat om de hoek de deur open staat. En tja, ik kon natuurlijk niet 
meer achterblijven bij de Stiekema’s..
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Lieve Anna,
Daar is ie dan, twee keer feest in een jaar! Het is zo gezellig om een schoonzusje te hebben 
zoals jij. Tevens de perfecte triatlon-trainings-buddy, waardoor ik de laatste loodjes heb 
kunnen bespreken tijdens een Ronde Hoep of in het Mirandabad, dankjewel, het was een 
mooie onderneming.
Myrthe, van buurmeisje tot oudste vriendin en yes nu mijn paranimf,
Lieve Myrt, op rolschaatsen en met briefjeskabels tussen de huizen in groeiden we samen op. 
En nu 27 jaar later, via onze eigen routes, wonen we gelukkig in dezelfde stad. De interesse die 
jij toont in de mensen om je heen en je optimisme maken je tot een fantastisch persoon en heel 
dierbare vriendin. Laat het geluk je in de toekomst toe lachen en laten we op zijn minst nog 27 
jaar samen van het leven genieten!
Lisette, grote kleine zus en natuurlijk mijn paranimf, 
Lieve tet, wat geeft het een goed gevoel dat jij straks naast me staat: bruisend van energie, 
daadkrachtig en chill tegelijkertijd. Vroeger misschien nog zo verschillend maar nu al jaren 
m’n beste mattie. Dank voor je oneindige interesse in wat ik doe en de altijd goeie oplossingen 
wanneer ik door de bomen ‘t bos niet meer zie. Lieve Jacob, een extra man in de familie en 
grote broer erbij. Het is een feest om te zien hoe gelukkig jullie samen zijn en ik kan niet 
wachten op de kleine aanwinst.
Lieve papa en mama,
De basis van dit proefschrift ligt voor mijn gevoel verankerd in een heerlijke jeugd in Diepenveen, 
maar ook in de mooie momenten die we nog steeds als gezin beleven. Dank voor alles, jullie 
support en liefde, het is niet echt goed in woorden uit te drukken hoe blij ik met jullie ben. 
Jur, allerliefste,
Van de eerste tot de laatste letter stond je aan m’n zijde en zorgde jouw ‘no-stress’ karakter en 
relativeringsvermogen ervoor dat ik de afgelopen jaren een beetje in balans bleef. Dank voor 
je vertrouwen, de 999x Brinta en autoritjes naar Beverwijk. Dat alles heeft ervoor gezorgd dat 
het nu af is. Ik ben zo gelukkig met jou en hoop nog eindeloos veel weekenden samen vakantie 
te vieren!
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Mariëlle Eugénie Henriëtte Jaspers was born in Leiden 
on December 25th in 1986. After finishing high school (Etty 
Hillesum Lyceum in Deventer), she studied movement 
sciences at the State University Groningen. After one year, 
in 2006, she was admitted to medical school in the same 
city and also enrolled in several extracurricular activities. 
In 2011, during her clinical rotations on Curaçao (part of 
the Netherlands Antilles), she developed a special interest 
in Plastic Surgery and Burn Care. This year was also the 
perfect opportunity to learn kitesurfing, which is now one of 
her favorite ways to relax. During her last clinical rotation at 
the Burn Center in the Red Cross Hospital in Beverwijk, her interest for this field of medicine 
was fully triggered. This resulted in a scientific internship at the Burn Center, concentrating 
on the evaluation of the clinimetric properties of 3D stereophotogrammetry to measure scar 
volume. After receiving her medical degree in 2013, she worked as a surgical resident not in 
training (ANIOS) at the Red Cross Hospital. One year later, she returned to the Burn Center to 
start a PhD project focusing on measurement tools and new reconstructive surgery techniques. 
Under the supervision of prof. dr. P.P.M. van Zuijlen and prof. dr. E. Middelkoop she performed 
clinimetric studies on thermography, clinical studies on the effectiveness of autologous fat 
grafting, and she immersed herself in burn wound assessment and classification, which led 
to the formation of this thesis. Mariëlle got awarded for presentations held at (inter)national 
conferences and won the Martinus van Marum price in 2016. In June 2017, she started her two 
years surgical training at the Red Cross Hospital (supervision of dr. H.A. Cense), after which 
she will start her residency in Plastic, Reconstructive and Hand Surgery at the VU Medical 
Center under supervision of dr. H.A.H. Winters. Mariëlle lives together with Jurriën Stiekema 
in Amsterdam.   

Amsterdam Movement Sciences conducts scientific research to 
optimize physical performance in health and disease based on 
a fundamental understanding of human movement in order to 
contribute to the fulfillment of a meaningful life.
Founded by:  VU Amsterdam, VU University Medical Center Amsterdam, Academic 
Medical Center, University of Amsterdam (AMC)
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